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IHE ſpared no pains in collecting materials 

for the Treatiſe I now preſent to the world: 
I have condenſed 'thoſe materials into one volume, 
with more labour than I might have employed in 
diſtributing them into two or three: and I have 
printed it on a page unuſually full, at the fame 
time that I have revived an ancient and uſeful practice 
of annexing ſide notes and references; which I believe 
has fallen into neglect, becauſe it requires great care in 
the author, uncommon attention in the printer, and 
adds to the expences incurred by the publiſher, 

If the work ſhould not therefore prove to be ſo uſe- 
ful as my intention deſigned it, the defects will have 
ariſen chiefly from a want of that ability, which he 
who has it not, can by no temporary exertion attain. 
The attempt itſelf is a proof, however, that I indulge 


expectations o fa very different kind. 
A4 I believe 
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I believe I ſcarcely need remind the man of ſcience, 
that the grear number of labourers in the chemical 
examinati-a of bodies, has rendered it a difficult taſk 
to colt the various facts, which lie diſtributed in the 
ats of academies, and a variety of literary journals. 
It is not very eaſy to procure theſe books : and the 
peruſal of them produces a voluminous table of refer- 
ences ; in which ſome things may be overlooked, even 
when noted. A certain degree of imperfection muſt 
ariſe, in every general treatiſe, from this cauſe. I 
have endeavoured to diminiſh it as much as was in my 
power, 

In treating of facts long ſince eſtabliſhed, and ſuch 
whoſe diſcoverers are unknown to me, I have not 
quoted my authors ; for, though I would gladly do 
juſtice to all claims, yet the inveſtigation of chemical 
hiſtory is foreign to the object of my preſent purſuit, 
Whenever J have quoted, it is to be underſtood that 
the authors are worthy of credit and reſpect ; and that 
the reader will, in almoſt every inſtance, find his ad- 
vantage in conſulting them for a fuller account of the 
ſubject. But I have quoted theſe only when it ap- 
peared neceſſary either to complete the information 
intended to be conveyed, or to clear myſelf from ſeem- 
ing to lay claim to their diſcoveries, 

With regard to nomenclature and theory, I have at- 
tempted to keep clear of every ſyſtem. I have called 
things by ſuch names as are moſt in uſe, except where 
the uſual name pointed too evidently at theories either 


Jong ſince exploded, or not yet proved: and in the 
relation 


PRE NA © BD: = 


relation of facts I have found it mech leſs difficult to 
exclude theoretical alluſions than I & firſt appre- 
hended, when I formed the determination of con- 
fining the theory, for the moſt part, to the ends of 
chapters. It would be very advantageous to ſciente 
if this reſolution, which I have adhered to with my 
beſt endeavours, were more generally adopted. I do 
not, however, wiſh to be thought blind to the ad- 
vantages of an uniform nomenclature, or a conſiſtent 
theory ; but muſt urge my conviction that the former 
ought to be founded on the moſt incontrovertible facts 
only, becauſe the nomenclature of any mere theory 
may be productive of worſe conſequences than the 
moſt confuſed ſet of terms can poſſibly occaſion. 
The ſyſtemizing of words, inſtead of things, is the 
fruitful ſource of paralogiſm ; and it is by falſe reaſon- 
ing of this kind that a well-methodized hypotheſis 
may be ſupported, long after the pretended facts are 
overthrown upon which it was originally built. Upon 
the two theories of chemiſtry I have ſpoken like one 
who admits neither in any other way than as probable 
ſuppoſitions, which have not yet been experimentally 
eſtabliſhed. The logic of the managers of the con- 
troverſy for and againſt phlogiſton, appears to me to be 
exceedingly defective in a great number of inſtances. 
The exiſtence of this chemical element is indeed very 
far from being well aſcertained ; but, on the other 
hand, there are many difficulties which attend the con- 
ſideration of chemical facts without it. As I think 
the antiphlogiſtic hypotheſis equally probable with the 
modified 
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modified ſyſtem of Stahl, and more eſpecially as the 
excellent works of a number of French chemiſts are 
' written in che language of that hypotheſis, | have 

judge? © proper to explain both. And this I have 
e-cavoured to do in ſuch a way, as to create in the 
chemical ſtudent an habit of ſteadily and calmly at- 
tending to the operations of nature ; inſtead of indulg- 
ing that haſty diſpoſition for theorizing, which indeed 
might paſs, on account of its evident impropriety, 
wit:out any earneſt cenſure, if we had not the morti- 
fication to ſee it too much practiſed by men entitled 
to the beſt thanks of the ſcientific world, and on that 


account poſſeſſing greater power to miſlead, 


London, 
Jan. 25, 1790. 


I HAVE carefully reviſed the Third Edition of this 
Work : the new diſcoveries are inſerted ; arid no ex- 
ertions have been ſpared to render it worthy of the 
diſtinguiſhed approbation it has met with, 

London, 

Jan. 25, 1796. 
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NOTE- 


N O T E: 


Is the fourth Chapter of the firſt Book af this Work 1 had 
obſerved in a note, to the firſt Edition, that very complete ſets of 
ſmall apparatus for experiments with the blow- pipe, afid with ſmall 
retorts and receivers, were ſold in London, under the inſpeRion of 
Mr. Magellan, by Brown, Bookſeller, Eſſex-{treet, in the Strand. 
The death of that worthy and active philoſopher induced me to 
cancel the note in the preſent Edition; but as Mr. Brown has ſince 
acquainted me that he has a conſiderable number of ſets remaining, 
T think I ſhall do a ſervice to the Chemical Student by repeating 
the information in this place. 
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BOOK. I. 


GENERAL . CHEMISTRY. 


£ CHAP. I ">. 


— ER ON. CHEMISTRY, AND +26 
MEANS BY WHICH 1TS OPERATIONS © v... 

© | ARE, PERFORMED. bs '$ 

Car mays conſidered either as A GENERAL. 
ſcience-oran art. As a ſcience, its object is to 0BSERVAT. | 

eſtimate” and account for the changes produced in Chemitey we 

bodies by motions of their parts which are too minute fined. . 

to affect the ſenſes individually. - As an art, it conſiſts ; 

in the application of bodies'to each other, in ſuch ſitua- 

tions as are beſt galeulated to produce thoſe changes. uns 
The operations of chemiſtry are either analytical, dur. 

when compounded bodies are reſolved into their ſim- 

pler parts; or ſynthetical, when ſimple bodies are united syntheſis, 

ſo as to form a compound. [The former operation is 8 

called decompeſitiof ; and the latter gompoſition, or £ | 

combination, There are few, and perhaps no. ehe- 

mical proceſſes, i Wich one of theſe effects takes | 

place without the other. _ * 
Heat expands folds, then renders them fuia, and: * 


tf 


2 


GENERAL changes ſucceed each other as the intenſity of the heat 


OBSERVAT. 


THE AGENT or 
t 


0 is rendered greater. There are many bodies not ſuſ- 


Heat. 


Attracticn. 


ceptible of all theſe changes: but it is highly pro- 
bable that this is owing to our want of power to pro- 
duce a ſuſſicient degree of heat or coldneſs, and not 
to the peculiar nature of the bodies themſelves. 

The heat required to render different bodies fluid 
or elaſtic, being different, affords a method of ſepa- 
rating the parts of compound bodies. If one part of 


a compound body be rendered fluid, while the others 
remain ſolid, the former will flow into the lower part 


of the containing veſſel, and leave the pores of the 
latter empty: or if one part be converted into va- 
pour, it will riſe and fly off, leaving the other parts, 
whether ſolid or fluid, in the veſſel. Thus, when a 
mixture of lead and copper is expoſed to a gradual 
heat, the lead melts firſt, and leaves the copper. And 
if a mixture of water and ſalt be heated, the water 


being converted into vapour, flies off, and * the 


ſalt behind. 

All the parts of bodies attract each other. Iti is not 
neceſſary in this place to enquire, whether that attrac- 
tion which cauſes bodies to gravitate or have weight, 
and by the energy of which the great morions of the 
planetary ſyſtems are governed, be the ſame as the. at- 
traction which cauſes their parts to adhere, and gives 
them firmneſs or ſolidity. It is enough that obſer- 
vation has not yet eſtabliſhed the truth of this pro- 
poſition and, conſequently, it will be proper to con- 
ſider the attraQion that is perceived to obtain in 
chemical operations, as a diſtinct property of matter. 

The attractions which are obſerved in chemiſtry, 


are not ſound to have eſſicacy at . ſenſible diſtance 
between 


CHEMISTRY: | 2 


between the parts; but doubtleſs, like the attractions GENERAL 
of gravity, magnetiſm, and electricity, they are ſtronger 1 
the leſs the diſtance. The rigidity and permanent Chemical at- 
forms of ſolid bodies prevent many of the parts of two — 
ſeveral bodies from coming near each other: for which 
reaſon, very little change is in general produced by 
their mutual action, even in the moſt favourable caſe, 
when powders are mixed together. But when one 
or both of the bodies is heated ſo as to become fluid, 
the particles eaſily move among each other; and can 
more readily obey the attractions which exiſt between mY 
them: Hence it has been conſidered as a chemical act by means 
axiom, that bodies do not act on each other, unleſs one — 
of them be fluid. This aſſertion is liable however to 
the exception, that ſolid bodies will combine at a tem- 
perature too low to render either of them fluid, pro- 
vided it be high enough to fuſe the compound they form. 
Thus ĩce and ſalt will combine at a much lower tempera- 
ture than would liquefy either alone, if the temperature 
be not ſo low as to freeze the brine theyform by uniting. 
The whole art of the chemiſt therefore conſiſts, Art of the che. 
either in ſeparating the parts of bodies by the appli- mit. 
cation of heat, or in placing them ſo that the order of 
arrangement of their parts may be changed by virtue 
of their ſeveral attractions, aſſiſted by heat ſufficient to 
fuſe one or more of them, or at leaſt ſufficient to pro- 
duce fuſion in the compound. | 
Since the order of arrangement of the parts of bodies fedive: attrach 
is changed, when the chemical attractions are per- yours 
witted to act, by a due ſituation of bodies with reſpect 
to each other; it clearly follows, that the attraction 
between ſome kinds of bodies is ſtronger than between 
B 2 others. 
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' GENERAL, others. T hin ference was formerly ſuppoſed to proceed 


; OBSER — . 


from a Graility between the attracting bodies, and for 


tdtthat reaſon the attraction has been called the chemical 
2 — aſſinity of bodies. But the term elective attraction is 


at preſent more generally uſed to denote this property. 


Dry 21 humid „Though the operations with bodies that require a 


way. 


very ſtrong heat to render them fluid, do not eſſen- 
tially differ from thoſe which are made with ſuch bo- 
dies as are fluid at the uſual temperature of the at- 
moſphere; yet, as the apparatus for producing and 
maintaining the heat in the former caſe is unneceſſary 
in the latter, it is found: convenient to diſtinguiſh the 
two methods by different appellations. Operations 
made with bodies habitually ſolid, which of courſe 
require to be acted on by a ſtrong heat, are ſaid to be 
made in the dry wayz but operations wherein any 
ſubſtance is employed which is habitually fluid, are 
ſaid to be made in the liquid, humid, or moiſt way. 
No diſtinctive appellation has yet been generally ad- 
opted for operations made with elaſtic fluids; though 
ſome call this the pneumatic method. | 

In every ſcience or art there are many things, which 
require to be frequently mentioned. If theſe were 
deſcribed as often as they are mentioned, it is obvious 
that a great loſs of time would follow ; and no advan- 
tage would be gained in perſpicuity, becauſe theſe de- 
ſcriptions would continually divert the mind from the 


leading object. For this reaſon it is abſolutely neceſ- 


fary to expreſs ſuch things by ſingle words or terms, 
which, when once underſtood, may always afterwards 
be ũſed in the ſame ſenſe. Theſe will be explained in 


the following treatiſe as they occur. 
| 4 CHAP. 
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SENSATION OF HEAT. 
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CHAP. II. 


oN HEAT, 


H E ſenſations expreſſed in common language 
by the words heat and coldneſs, are of too ſim- 


— und 
Of the work * 


ple a nature either to require or to admit of definition, heat. 


Theſe words, however, are not always uſed to denote 
the ſame things; but are indiſcriminately applied both 
to the ſenſation itſelf, and to that which cauſes it. Thus 
we ſay that we ourſelves are hot or cold, and that the 
fire or ice which heats or cools us is likewiſe hot or 
cold, though the ſenſations we experience are certainly 
very different things from that which enables bodies 
to excite them. It may alſo be remarked that, in 
this ambiguous manner of ſpeaking, there is another 
cauſe of uncertainty, that ariſes from the uſe of a vari- 
able ſtandard of compariſon. Every one knows that 
the eſtinfate of heat or coldneſs differs in various 
perſons, becauſe each .forms bis judgment from his 
own ſenſations : and the ſame body may appear hot to 
one perſon, and cold to another, or to. the. ſame perſon 
at different times; though the variation is not in the 
body itſelf, but in the ſtate of the perſons in whom thoſe 
ſenſations are excited. Hence it appears neceſſary, in 
order to avoid error in the purſuit of -enquiries con- 
cerning heat, that the ſenſe of the words made uſe of 
ſhould be accurately defined; and that ſome fixed ſtand- 
ard of compariſon be referred to inſtead of the human 
body, which, though fixed enough for the common 

B 3 affairs 


6 CAUSE OF TEMPERATURE- AND 


HEAT- affairs of life, is certainly not enough ſo for the pur- 
t—— poſes of ſcience. 


The word heat, in a philoſophical ſenſe, is uſed to 


Word heat, 
denote the cauſe of the power which bodies poſſeſs of 
exciting the ſenſations of heat or coldueſs. 

Wes Per dere. The word temperature denotes the ſtate of the body 


with reſpect to that power. So that a body which 
excites a more intenſe ſenſation of heat or coldnefs | 
than another body, is ſaid to poſſeſs a higher or lower 


temperature. 
Cauſe of tem- It has not yet been determined in what heat itſelf, 
per ature, or the cauſe of temperature, conſiſts. Two opinions 


have long divided the ſcientific world. One is, that 
heat conſiſts of a peculiar motion or vibration of the 
parts of bodies, ſo that the temperature is higher the 


CTP CERT oo. 


ſtronger the vibration : the other is, that heat is a 

ſubſtance or fluid, whoſe greater or leſs quantity pro- 

duces a higher or lower temperature. Though the 

deciſion of this great queſtion is highly deſerving of 

the attention of philoſophers, yet it will not be ne- 

ceſſary to conſider its merits in this place; and that 

- more eſpecially, as the doubts reſpeCting it will not im- 
pede our reaſoning concerning ſuch phenomena as are t 
well known. For ſince effects are proportioned to ti 
their adequate cauſes, we may ſpeak of the quantities e 
| pf heat in bodies, without deciding whether they be p 
quantities of motion or quantities of matter; the rela- re 
tions of thoſe quantities to each other, and not their th 
” peculiar nature, being the chief _— of our re- tl 
ſearch. ra 
| Common tem. Two bodies which, when in contact, neither impart ni 
«rb nor receive heat from each other, are of the ſame tem- th 


i 
| | Peratufe. 


TRANSMISSION OF HAT. 


perature: All bodies, therefore, which by direct or 
ſucceſſive contact communicate with each other, muſt 
either have the ſame temperature, or the hotter will 
communicate heat to the others, till a common tem- 


perature is produced amongſt them. 


The diſpoſition or power of quickly tranſmitting Conductors of 


heat in the production of a common temperature, is 
not the ſame in different bodies. If a number of 
ſtraight wires of equal ſizes, but different metals, be 
covered each with a thin coat of wax, and their ends 
be all plunged in the ſame heated fluid for example, 


melted lead the fuſion of the coat of wax will ſnew 


that heat is more quickly tranſmitted through ſome 


metals than others. Thus alſo it is found, that the 


end of a glaſs rod may be kept red-hot for a very long 
time, without any inconvenience to the hand which 
holds the other end; though a ſimilar metallic rod, 
heated in the ſame manner, would very ſoon become 
too hot to be held. Bodies that quickly alter their 
temperature by communication, are ſaid to be better 
conductors of heat than fuch as alter more ſlowly. 


The general effects of a change of temperature are Solid, fluid, and 
f vaporousſtates. 


theſe :—A ſolid is rendered fluid by an increaſe o 
temperature, and a ſtill greater increaſe converts it into 
elaſtic fluid or vapour. If the body be compoſed of 
parts which become ſolid, fluid, or vaporous, at diffe- 
rent temperatures; and the elective attraction by which 
thoſe parts are held together be inſufficient to prevent 
their aſſuming thoſe ſtates by the change of tempe- 
rature, a ſeparation will then take place : thus a dimi- 
niſhed temperature ſeparates many ſalts from water, by 
their becoming ſolid; and an increaſed temperature ſe- 
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8 CHANGES IN BODIES BY HEAT. 


HEAT. parates water from ſalts, by cauſing the former to fly 
| off in vapour. Laſtly, if neither the change of tempe- 
rature be conſiderable enough to alter the ſtate of ſoli- 
dity, fluidity, or vapour, which the body under conſide- 
ration may happen to poſſeſs ; nor the body itſelf be of 
that nature as to undergo a ſeparation of its parts by 
the change; then, an increaſe of temperature will 
cauſe an increaſe in the bulk or dimenſions of the 
body, which will laſt no longer than during the time 
of the increaſe. | | = 
Changes by It has already been obſerved, that the temperature 
. at which different bodies change their form, is va- 
&c. of bodies. rious. Neither this property, nor the expanſions of 
bodies by heat, have been obſerved to have any cor- 
reſpondence with their denſity, hardneſs, ſpecific gra- 

Irregularities. vity, or other evident properties. There are likewiſe 
ſome irregularities in the contraction or expanſion, 

which depend on circumſtances not yet well aſcer- 

tained, near the freezing point of water, and probably 

other ſubſtances. Pure water, when cooled, is obſerved 

to contract till within about 8 degrees of the ſreezing 
temperature, where it begins to expand; and it may be 

cooled 110 below that temperature, and till continue 

fluid. An adequate explanation of the circumſtances 

that attend the converſion of bodies from their ſeveral 

ſtates, of ſolidity, fluidity, and vapour, ſeems to pro- 

miſe a more intimate acquaintance with the nature 

and properties of the particles of bodies than has hi- 

therto been obtained. | 

Elaſtic fluids, Permanently elaſtic fluids, or airs, appear to differ 
: from vapour in the circumſtince that they take and 
retain the elaſtic form at a lower temperature. There 

are 


Expanſion b 
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QUANTITIES OF HEAT, 9 > 


are facts which render it probable, from analogy, that uzar- 
a great degree of cold would conyert them into denſe 


fluids. 

It is a ſelf-evident truth, that if two bodies he: per- Quantity of 
fectly equal and alike in all reſpects, and have the ſame — wa _ 
temperature, they will poſſeſs equal quantities of heat. 

Thus, a pound of gold will poſſeſs an equal quantity 
of heat with another pound of gold, at the ſame tem- 
perature z a pound of water will poſſeſs an equal quan- 
tity of heat with another pound of water, at the ſame 
temperature; and ſo forth. From this it will alſo be 
clear, that two pounds of gold will poſſeſs twice as 
much heat as one pound of gold, at the ſame tempe- 
rature z and, generally, that the quantities of heat in 
bodies of the ſame kind, and at the ſame temperature, 
will be in proportion to their quantities of matter or 
their weights, | 

If two ſuch equal and ſimilar bodies, that differ in —differing in 
temperature, be brought together, they will by commu- 7 
nication acquire a common temperature, and their quan- 
tities of heat will-by that means be rendered equal. For 
this purpoſe it is clear that the hotter of the two bodies 
muſt have communicated half its exceſs to the colder : 
the quantity of heat in one of theſe two equal bodies 
will therefore be an arithmetical mean between the two 
quantities originally poſſeſſed by each of them; that is 
to ſay, its temperature, or the common temperature, 
will exceed that of the colder exactly as much as it falls 
ſhort of that of the hotter body. 

If the two bodies had been unequal, they would in unequal 
nevertheleſs have acquired a common temperature by e 
communication, but the exceſs of heat would not have 


been 
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10 " QUANTITIES OF HEAT. 


Hear, been equally divided between them; for we hav 
. men that the quantities of heat in ſuch bodies, at the 
ſame temperature, are in proportion to the quantities of 
matter. If the ſurplus of heat had been entirely taken 
away, it is obvious that their temperatures would have 
been made equal, and their heats would have been in 
that proportion; and there is no other way of adding 
the ſurplus to them, ſo as to preſerye the ſame propor- 
tion, but by giving more to the larger than to the 
ſmaller body, according to its quantity. The common 
temperature they acquire ſhews that this is done; and 
confequently that, when two unequal bodies of the 
ſame kind acquire a common temperature by commu- 
nication, the exceſs of heat in the hotter body is divided 
between them in proportion to their weights or quan- 

tities of matter, f 
Quantities of From this it is likewiſe evident, that the quantities 
— of heat required to be added to or taken from bodies 
perature. of the ſame kind, to produce equal changes in their 
temperature, will be in proportion to their ö 

of matter. 

Thermometer; The foregoing deductions naturally lead us to. the 
conſideration of an inſtrument proper to ſhew the tem- 
peratures of bodies. Such an» inſtrument will re- 
quire to be placed in contact with the body under 
examination, in order that it may acquire the ſame 
temperature. It is therefore an indiſpenſable condi- 
Tits regui- tion, that the inſtrument ſhould be of that ſmall bulk 
ies, as not ſenſibly to heat or cool the body it touches; but 
that the common temperature of the inſtrument, and 
the body itſelf upon contact, may, without perceptible 
error, be taken for the original temperature of the 


9 body. 
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body. Another condition equally requiſite is, that HEAT» 
every change of temperature 'ſhall be attended with 
ſome evident change in rhe inſtrument by which it 
may be aſcertained. The expanſions and contractions 
of bodies are the moſt convenient for this purpoſe. 
Theſe, howeyer, are ſmall; and would require to be 
magnified by ſome mechanical or optical contrivance, 
if a ſolid body were made uſe of. But the ſmalleſt | 
change in the bulks of fluids may be eaſily ſhewn by 
the happy expedient of including them in a bottle 
\ whoſe neck is long, and very narrow, in proportion to 
the diameter of its body. On theſe conſiderations the Mercurial 
thermometer is made. It conliſts of a glaſs ball or IT ai 
bottle, with a long narrow tube or neck, and is partly 
filled with mercury; a fluid preferable to all others, 
from its unchangeableneſs, the regularity cf its ex- 
panſions, and its not ſoiling the tube. The expan- 
ſions or contractions of the mercury are ſhewn by the 
riſe or fall of its ſurface, which is meaſured by a gra- 
duated ſcale uſually fixed to the tube. 
The determination of the correſpondence between as 
the degrees of the thermometer, and the actual varia- 9 
tions of the heat of fluids, was firſt accurately deter- mercury with 


the increments 
mined by Mr. De Luc. By mixing equal quantities of of heat aſcer- 


water at different temperatures, he found that the — * 
thermometer very nearly indicated the arithmetical 
mean between the two temperatures, and conſequently 
that its indications are ſuch as truly correſpond with 
the quantities of heat. 
As theſe fundamental dtn cannot be too dy craw- 
ſtrictly examined, the following doubt remained to be fed. 
conſidered, namely, whether the diſpoſition to give out 

or 


THERMOMETER, 


or to receive heat, were the ſame in water at all tem- 


_— peratures; becauſe it is clear that, if this diſpoſition 


be changed by heating or cooling, the temperature, or 

power to heat or cool other bodies, will not follow the 
fame proportion as the quantities of heat; though it 
may be imagined, not without probability in this caſe, 
that correſpondent irregularities in the expanſions of 
the mercury, may cauſe the thermometer to indicate 
the arithmetical mean between the two expanſions pro- 
duced by any extreme temperatures. But whatever 
irregularities may be ſuppoſed to counteract each other 
in theſe experiments with mercury and water, it is to 
the laſt degree improbable that the ſame compenſation 
would be found, when the mean temperature is ob- 
tained. by other methods. With this view the cele- 
brated Dr. Crawford “ very carefully repeated and con- 
ſirmed Mr. De Luc's experiments; made others with 
a like reſult, by uſing linſeed oil inſtead of water, and 
alſo by producing the mean temperature, permanently» 
in air- included in a cylinder formed of two equal 
parts, the upper pf which was kept to the freezing 
point, by ſurrounding it with pounded ice; and the 
lower to the boiling-water point, by ſurrounding it 
with a greater ſupply of ſteam than could be condenſed 
by its contact. The near correſpondence of theſe ſes 
veral methods ſhews that the expanſions of the mercury 
in the thermometer are correſpondent with the heat it 


receives. 


On Heat. London, 1788. This moſt valuable performance 
contains the theory, and moſt of the facts, relating to heat; and 
deſerves to be made a part of the library of every natural philoſo- 
_ pher, a | 


Thus 


RELATIVE AND ABSOLUTE HEATS. 14 


Thus far we have attended only to the communica- HEAT. 


tion of heat between bodies of the ſame kind; but 

when two equal bodies of different kinds produce a Quantities of 

common temperature by communication, it ſeldom 2 2 

happens that it proves to be an arithmetical mean 3 

tween the two original temperatures. In ſuch cafes it 

is evident that the heat which was communicated _ 

from one to the other, has not altered their temperatures 

equally, but has raiſed or lowered that of the one more 

than it has lowered or raiſed that of the other. And as 

the proportion between the number of degrees through 

which one of two bodies is thus raiſed, and the othe 
| lowered, is found by experiment to be the ſame, how- 

eyer diſferent the two original temperatures may have 

been, provided no change of form or chemical combi- 

nation has been produced in either of them; it is a 

general conſequence, that the quantity of heat required 

to alter the temperature of one of the bodies a ſingle 

degree, or any other equal part, will be greater or leſs 

than would be required to produce the ſame change in 

the other body, in proportion as the changes produced 

by the communicated heat were leſs or greater. | 

The whole heat in each body, when they have the —abcolute, 

ſame temperature, muſt conſiſt of the ſame number of 

degrees: the proportion between the whole heats of the 
bodies will therefore be the ſame as between the heats 

required to raiſe each of them a ſingle degree: that is 

ta ſay, the comparative heats. of bodies, at the ſame 

temperature, will be in the inverſe proportion of the 

number of degrees, their temperature is altered by the 

ſame quantity of heat. - 

To illuſtrate this by an example in round numbers. Example. 
: Suppoſe 
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COMPARATIVE HEATS:. 


Suppoſe a pint of mercury, at the temperatureof 136% be 
mixed with a pint of water at 509, the mean temperature 
will be 769. The water therefore has been heated 269; 
and the mercury has been cooled 60, by the loſs of the 
heat it imparted to the water. The abſolute heat in one 
degree of the mercury will confequently be proportion- 
ally leſs than that of one degree of the water; becauſe 
the very ſame heat which has raiſed the water 26 degrees 
in temperature, would raife the mercury 60, if it could 
be returned again: and the whole heat contained in 
the mercury will be to that of the water in the ſame pro- 
portion of 26 to 6o. But in the preſent experiment equal 
bulks were uſed; and mercury is about 13 times as heavy 
as water. An equal weight of mereury would contain 
only one thirteenth part of the heat. Twenty-ſix, di- 
vided by 13, quotes 2: whence the comparative heats 
of mercury and water are in the proportion of about 2 
to 60, or 1 to 30; that is to ſay, a pound of mercury; 
at the ſame temperature, contains no more than one- 
thirtieth part of the heat contained in a pound of water. 

It may be obſerved that the term comparative heat 
is uſed to denote the proportion of the abſolute quan- 
tity of heat in one body to that of another equal maſs 
of matter. at the ſame temperature, conſidered as a 
ſtandard. The ſtandard made uſe of is pure water, in 
a fluid ſtate. Some writers call this ſpecific heat. 
The diſpoſition, or property, by which bodies ſeverally 


require more or leſs heat to produce equal changes 


in their temperature, is called their capacity for heat. 
Theſe capacities are conſidered as the unknown cauſe 
of the difierences in their comparative heats, to which 


they are conſequently proportional. 
It 


CAPACITIES. rg 


It is found, by experiment, that the capacity of the nzar. 
ſame, body for heat is leaſt when ſolid, greater when cnt 
fuſed or fluid, and greateſt of all when it becomes various ſtates. 
converted into vapour, or elaſtic fluid, 


Alſo, when bodies unite by virtue of chemical at- —changes by 
chemical ac» 
traction, their capacities are, ſeldom the fame as the tions. 
ſum of the capacities of the bodies, but almoſt always 
either greater or leſs. , 
As the experiments relating to the capacities of Inferences, a 
bodies cannot be here given at large, it will be proper 
to mention, by way of inference, ſome of the chief 
conſequences of this moſt luminous doctrine ; firſt pre- 
miſing, however, that theſe inductions have all been 
verified by experiment *. 
The capacities of ice and fluid water are found to be ice and water. 
as 9 to 10. Ice cannot therefore be converted into 
water, unleſs it be ſupplied with as much heat as is 
ſuthcient to anſwer the difference of capacity. Thus, k 
if equal quantities of ice and water, both at the tempe- 
rature of 320, or the freezing point, be expoſed in ſimi- 
lar veſſels, at the ſame diſtance from a fire, both 
will receive heat alike ; and the ice will be melted into 
Water at 32*, while the water in the other veſſel will, 
have its temperature raiſcd to 1789. Here it is ob- 
vious that the ſame heat which raiſed the water 146 
degrees, was merely ſufficient to ſupply the increaſed 
capacity of the ice; for which reafon this laſt had not 
its temperature raiſed at all. If the experiment be more 
accurately made, by mixing equal weights of water at 
1782, and ice at 32%, the ſame conſequence will follow; 


For which conſult Pr. Crawford's Treatiſe, already ſpoken of. 
_ -- 


16 | | NATURAL ZERO, 
_ hear. for the ice will be melted, and the common tempera- 
dure will be 32% becauſe the ice in melting receives 
no augmentation of temperature, but abſorbs the whole 
146° of heat from the water, by virtue of its ebe 
capacity when it becomes fluid. 
Seationary tem- And fo likewife, when water is frozen by the loſs 
perature, or . . , 
freezing point, Of its heat, communicated to a cold atmoſphere, or 
other contiguous bodies, the proceſs of cooling goes 
on till ice begins to be formed : but, during the whole 
time of the converſion of the water into ice; the tem- 
perature remains ſtationary, becauſe the diminiſhed ca- 
pacity of the ice cauſes it to give out heat, the conti- 
nual evolution of which ſupplies the refrigerating bodies 
with as much as their energy of cooling might other- 
wiſe have taken to cauſe a diminution of the tempera- 
ture. When the whole is frozen, this ſupply of ex- 
tricated heat ceaſes; and therefore the cauſo that cooled 
the water at firſt, goes on in cooling the ice, until the 
common temperature is produced. 
| ow 3 of In all experiments wherein the capacities of the ſame 
bodies are changed, and the difference between the 
quantities of heat in the ſame body in both ſtates, at 
one common temperature, is known in degrees of the 
thermometer, we may derive the advantage of finding 
the abſolute quantities of heat in degrees of the ther- 
mometer, or the number of degrees which any particu- 
lar point or temperature is remote from the true 
zero, or point of abſolute privation of all heat. To il· 
luſtrate this curious poſition, the experiments on ice 
and water, juſt related, may be made uſe of. The 
whole quantities of heat, in theſe two ſtates, are as 9 
to 10. It is plain, therefore, that when water freezes,” 


* 
& 


STEAM OF WATER, 


it muſt give out one-tenth of its whole heat ; and this 


By 


HEAT, 


tenth part, by the experiment, is found to anſwer to 146 — 


of Fahrenheit's thermometer. Conſequently its whole 


heat is ten times 146, or 1460 of Fahrenheit's ther- 


mometer, when its temperature is 32® above Fahren- 
heit's zero. Whence the natural zero“ is at — 14289. 


No direct experiment has yet been made to ſhew the Capactty of 


capacity of ſt-am with relation to water. An indi- lle 


rect experiment of Dr. Crawford makes it as 154 to 
10 4. It is accordingly found that ſteam, in its con- 
denſation into water, gives out as much heat as would 
raiſe an equal quantity of non-evaporable matter, of 
the ſame capacity as water, 914 degrees. 'This heat it 
muſt have taken up-at its formation. Whenever water 
is heated, we may conſequently conſider the heat as 
diſpoſed of in two ways. One part raiſes the tem- 
perature of the fluid water, and the other part is em- 
ployed in ſupplying the elaſtic vapour that flies off with 
the heat which its increaſed capacity requires at that 
temperature. The greater the quantity of ſteam is 
produced, the larger will be the proportion of the heat 
employed in this laſt way. Now, there is a difficulty 
attends the formation of elaſtic vapour, in proportion as 
its eſcape is rendered more difficult, If the water be 
heated in a cloſe veſſel, no ſteam will be formed; if 


the ſteam eſcape by a ſmall hole, there will be leſs 


formed than if the whole ſurface of the water were 
uncovered; and if the ſuperincumbent atmoſphere be 
removed, as in the vacuum of an air-pump, the pro- 
duCtion will be greateſt of all. As the heat of the 


* Crawford, p. 455. ; + Ibid. p. 270. 
| C water 


Am. 


FREEZING. 


18 BOILING POINT. 


- HEAT. water goes on increaſing, the production of ſteam will 
i likewiſe increaſe, until the quantity is ſo great as by 
its augmented capacity to carry off the whole heat that 
is communicated. At this period the increaſe of tem- 
perature will therefore ceaſe, and the temperature will 
Boiling-water become ſtationary, This point is called the boiling- 
— dem Water point. It varies, however, a little, as the preſ- 
ſure of the atmoſphere varies, being loweſt when that 
is leaſt; becauſe the maximum of ſteam is produced at 
a lower temperature when the obſtacle to its eſcape is 
leſs. It has been ſtated, and with ſome probability, 
that there might be no interval of fluidity between the 
ſolid and vaporous forms, if it were not for the ** 
of the atmoſphere. 

Evaporation In this manner it is eaſy to account for the cold 
OI produced by evaporation : for the volatile ſubſtance, 
when it takes the vaporous form, abſorbs as much heat 
from the body from which it evaporated, as its increaſed 
capacity requires. Every one muſt be acquainted with 
the cold produced by wetting the hand with water or 
Freezing by with ſpirits of wine or brandy. The freezing of water by 
5 ct oO means of the evaporation of ether, is a very remarkable 
inſtance of this. Water is included in a thin glaſs tube, 
and the outſide of the tube is kept continually wetted 
with ether, by means of a bottle with a capillary tube 
in its neck, through which the ether is poured. The 
conſequence of the ſpeedy evaporation of this very 
volatile fluid is, that in a very ſhort time the included 
water is ſuddenly converted into ice, even before a fire, 

or in the midſt of ſummer. 
Freezing mix- The effect of freezing mixtures is another evident 
20 | conſequence of this doctrine. When as much com- 
mon 
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mon ſalt is added to water as it can diſſolve, the brine HEAT. _ 
continues unfrozen till it is cooled as low as 69 below — 
de, on Fahrenheit's ſcale. Suppoſe pounded ice, or 

ſnow, to be mixed with ſalt at any temperature above 

65, their union will produce the brine here men- 

tioned 3 which, becauſe the heat is above its freezing 

point, will become fluid, though the ice and ſalt were 

ſolid before. This fluidity will be attended with an 

increaſe of capacity, and therefore the brine will be 

much colder than the ſnow and ſalt were. If the quan- 

tiry of ſnow and ſalt be conſiderable, and there be no 

bodies at hand which can readily ſupply heat, the brine 

firſt produced will cool the ſnow and falt in its vicinity z 

and this, when liquehed, will cool the reſt of the ſnow 

and ſalt ſtill more effectually. When the temperature 

of the whole is as low as 60, or the freezing point of 

the brine, the liquefaction and cooling will ſtop, or it 

will proceed more flowly or faſter, in proportion as the 

requiſite heat is ſupplied. It may eaſily be imagined 

that, if a mixture of this kind be placed in a veſſel, and 

a ſmaller veſſel, containing water, be plunged in it, 

the cooling proceſs will freeze the water. It is like- n 
wiſe evident that ſuch mixtures will deſcend to a fixed — 
temperature, which is that of their own freezing point“. 

So likewiſe the freezing proceſſes by the ſolutions + Freezing pro- 
of ſalts in water or acids, though they have not yet been 2 5 
ſo minutely examined, may be explained from tlie dif- Water. 
ference of capacity produced in the liquefaction of 
ſolid ſalts, or the water contained in them. One af 


Crawford, p. 474. 
+ Walker, in Philoſ. Tranſ. vol. Ixxvii and Ixxviii. 


C 2 theſe 
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80 GENERAL OBSERVATIONS AND 


HPAT. theſe may be here mentioned, not as the moſt power- 
u,, but becauſe the materials are cheap, and well 
— known. It conſiſts of equal parts of ſal-ammoniac 
water. and faltpetre, finely powdered. If four ounces of water 
| be poured on three ounces of this mixture, the ſolu- 

tion will ſink the thermometer 36 degrees; and as it" 
is eaſy to have pump- water as cool as 509 in the midſt 
of ſummer, this addition will cool it to 14, which is 
therefore ſufficient to freeze water in a phial plunged 


in it. 
General view Without entering, more largely into * of che 
of the agency of 
heat, conſequences of the change of capacity in bodies which 
are changed in their form, or ſtate of chemical combi- 
nation, it may be obſerved, in general, that as the 
powers of gravity, and projeCtion, in continual oppoſi- 
tion to each other, produce all the beautiful effects in 
the great ſyſtem of the univerſe to which they are eſ- 
ſential; ſo, among the actions of the minute parts of 
bodies, the coheſive attraction, and the energy of heat, 
are in continual oppoſition to each other, and are con- 
cerned in every proceſs by which changes are pro- 
duced in the peculiar properties of bodies: and for 
whatever more immediate purpoſes it may be that 
the Supreme Intelligence has thus generally appointed 
Advantages their agency, we ſee that the changes of capacities are 
oy Jam of greatly conducive to the preſervation of a more equal 
capacities. temperature than would otherwiſe be found in the 
diſtricts around us. The cold produced by evaporation 
greatly mitigates, and conducts to other parts, the 
ſtrong heats of the torrid zone ; and the heat developed 
on the freezing of water prevents the cold from falling 


ſo far below the freezing — as otherwiſe it might 
3 9 do- 


INQUIRIES CONCERNING HEAT, 


do. If the ca acities of water and ice were equal, the HEAT» 
freezing of immenſe bodies of water would ſcarcely be —— 


progreſſive, but would take place the inſtant the whole 
was cooled to 32; and fo likewiſe the thawing of 
vaſt tracts of ſnow and mountains of ice would be 
performed in the ſhort time of the tranſmiſſion of the 
heat required to raiſe its temperature the minuteſt 
portion of a degree above the temperature of ſolidity. 
Whether the extreme inconveniences the hotter cli- 
mates would undergo from increaſed heat, or the 
colder from the intenſe freezing and ſudden thaws, be 
among the principal events in the view of the Sove- 
reign Diſpoſer of the univerſe, cannot, from our igno- 
rance of final cauſes on ſo large a ſcale, be determined. 


Whether heat be matter or motion, is a queſtion Queſtion, p. 6. 


which, as was before obſerved, is not well ſettled. It 
is certain that the motion of friction, or percuſſion, 
either produces or collects heat; and if the ſuppoſition 
of the mere vibration of parts could adequately account 
for the effects, it would doubtleſs be more ſimple than 
to call in the aſſiſtance of a material ſubſtance endued 
with peculiar properties. But, on the other hand, the 
appearances are ſolved with great eaſe and ſimplicity 


by the ſuppoſition of ſuch a ſubſtance. On this ſub- The philoſophy 


ject it may perhaps be ſufficient to obſerve, that the 
phenomena of heat ſeem to ſtand ſingle, ſo as not 
eaſily to admit of compariſon with any of the other 
appearances in nature; and conſequently that all rea- 
ſoning by analogy promiſes very little elucidation of a 
ſubje& which can only. be proſecuted by experimental 


- reſearch, 
C 3 Attempts 


of heat admits 
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HEAT. 
Diminution cf 


Capacity in- 
creaſes weight. 


ON HEAT. 


Attempts have been made to determine whether the 
weight of bodies is affected by the greater or leſs quan- 
tity of heat they may contain. The moſt accurate 
experiments ſhew that the ſame water 1s heavier, by 
a very minute quantity, when it is converted into 
ice. | 

Dr. George Fordyce made the experiment by weigh- 
ing the ſame quantity of water (about 1700 grains), 
when frozen and when unfrozen, at the temperature 
of 325, in a room where the air was of the ſame tempe- 
rature. The ice was near one ſixteenth of a grain 
heavier. Phil. Tranſ vol. Ixxv. p. 362 —Sir Ben- 
jamin Thompſon obtained the ſame concluſion, by 
counterpoiſing water againſt ſpirit of wine, and expoſing 
the apparatus to a cold atmoſphere which froze the 
former. 
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THE CONSTRUCTION OF THE THERMOMETER. 


ledge, it can hardly be ſuppoſed that the reader 
has not ſeen a thermometer. Minute deſcription is 


therefore unneceſſary. But as the accurate conſtruction Conſtruction of 
the thermome- 


and ſubſequent improvement of this inſtrument muſt 
greatly depend on the knowledge, which thoſe who.uſe 
it may poſſeſs, of the method of making it; and as we 
have no perfect account of this, there can be no doubt 
but a ſhort relation of the whole proceſs, from expe- 
rimental knowledge, will be acceptable. 


The tubes may be had at the glaſs-houſe; and the To determine 
the cylindrical 


firſt care of the artiſt muſt conſiſt in examining if their 


cavities be equal or cylindrical throughout. This is 2 
done by immerſing one end into mercury, and with- 


drawing it, after cloſing the other end with the finger. 
By this means a ſmall quantity of mercury will enter 
the tube, which will occupy a longer ſpace the deeper 


the tube is immerſed. Lay the tube horizontally upon 


a graduated rule, and obſerve the length of the mer- 
curial column, in different parts of the tube to which it 


may be made to run, by inclining it more or leſs. If the 


length continues invariably the ſame, it is a proof that 
the tube is uniformly cylindrical ; but, if otherwiſe, the 
diameter varies, and the tube cannot be uſed to make 
a good thermometer, unteſs the graduations in the dif- 

C4 ferent 


N the preſent cultivated ſtate of philoſophical know- THERMont- 
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TER« 


Method of 
blowing ther- 
mometers. 


Filling with 
mercury. 


CONSTRUCTION OF THE 


THERMOME-= ferent parts of the tube be lengthened or ſhortened, in 


proportion to the meaſures of the mercurial column. 

Direct the flame of a large candle, a watchmaker's 
lamp, or, which is cleanlieſt and beſt of ally a lamp 
with ſpirits of wine, upon one end of the glaſs tube, 
by means of the blow-pipe. The extremity will ſoon 
become red hot, and in a ſtate of imperfect fuſion. 
Remove the tube from the flame, and blow into its 
other end, and the heated part will be inflated ſo as to 
form a bulb. This laſt inflation is the moſt difficult 
and laborious part of the buſineſs ; but it may be per- 
formed with great eaſe and advantage, by previouſly 
faſtening the neck of one of the ſmall bottles of elaſtic 
gum, or India rubber, about the end of the tube; which, 
when the other end is ignited, may be preſſed by the 
hand, ſo as to blow the bulb very commodiouſly, and 
without the introduction of any moiſt air. 

Immerſe the open end of the thermometer tube into 
ſome very clean dry mercury that has been boiled, 
and warm the bulb with a candle ; part of the air will 
be immediately heard ruſhing through the mercury; 
withdraw the candle, and, as the bulb cools, the mercury 
will riſe in the tube. This will be facilitated by hold- 
ing the tube as near an horizontal poſition as can be 
done, without railing its lower end above the ſurface 
of the mercury. In this way the bulb will be nearly 
half filled. Without altering the poſition of the appa- 
ratus, move the whole ſo that the bulb may be held 
over a candle. A ſinall candle newly ſnuffed is beſt, 
becauſe of the ſteadineſs of its flame; and it will be 
neceſlary to. wrap a piece of paper round the tube, to 

defend 


2 


— 


„ 


THERMOMETER. *” 25 


defend the finger and thumb from its heat. The mer- THERMONE» 
cury will ſoon boil, and moſt of the remaining air will T*** 

be heard eſcaping from the bulb. As ſoon. as this 

eſcape has ceaſed, remove the bulb from the candle, 


' and it will be ſuddenly filled with mercury from the 
, veſſel. 


Take the thermometer thus filled out of the mer- Boiling the 
: mercury in the 
cury, and wrap round its open end a piece of thin pa- tube. 
per, in ſuch a manner as to leave a cavity beyond the 
tube, at leaſt ſufficient to hold as much mercury as 
the bulb contains; ſecure this by wrapping it tight 
with packthread about the tube; then put a drop of 
mercury into the paper cavity, and apply the bulb 
again over the ſnuffed candle, holding the tube up- 
right between the finger and thumb, or a pair of ſmall 
pincers, at the part wrapped with paper and pack- 
thread : the mercury will ſoon boil, and about half 
the contents of the bulb will ruſh violently up the 
tube into the paper. Remove the bulb from the can- 
dle, and the mercury will ſuddenly return; then boil 
it again; and repeat the operation till the ſpeedy boil- 
ing of the mercury, when placed over the candle, and 
the diminiſhed noiſe and agitation, ſhew that the whole 
has been well heated, and deprived of the air or moiſ- 
ture which might have adhered to it. 
The operation of boiling will fail, if the mercury, Caution. 
or the inſide of the bulb, be moiſt; for in this caſe 
the bulb is uſually burſt by the mercurial vapour; the 
exploſion however is not dangerous: it is very likely- 
to happen with bulbs blown by the mouth, unleſs 
'they be kept ſome weeks in a dry place, before they 
are filled. 'The ſame danger makes it prudent not 
ro 
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THIRMOME- to boil the mercury ſtrongly the firſt or ſecond 
rn time; and it is likewiſe of importance to keep the 
bulb clear of the flame, as the contact of this laſt 
; againſt the empty part of the bulb would melt it, and 
a hole would be immediately made by the excluded 

Vapour. | 
Trial of the After the boiling is completed, plunge the bulb into 
I hn cold water, whoſe temperature is known. Melting 
and the tube. ice or ſnow (or ſnow and water) always has the tem- 
perature of 32® of Fahrenheit's ſcale. Then take off 
the paper, and put the bulb into the hand, and after- 
wards into the mouth ; this heating will cauſe ſome of 
the mercury to drop out of the tube. Cool it again 
to 32, by immerſing it in the cold water, and mark 
where the mercury ſtands. The diſtance between 
this ſtation and the top of the tube meaſures the inter- 
val between freezing and blood heat, or 32 and 95, 
which makes 63 degrees; and will conſequently ſhew 
whether the degrees will be large or ſmall, and what 
extent the ſcale is capable of; that is to ſay, it will 
ſhew whether the bulb is of the proper ſize. This 
laſt, ſuppoſing the judgment of the operator not 
ſufficient to proportien the bulb nearly to the tube, 
and the intended ſcale, might however have been more 
conveniently aſcertained after the firſt filling, before 

| the boiling had been undertaken. 

Hermetica! When the number of degrees to which the length 
8 of th® of the tube will extend is thus known, the operator 
muſt ſettle whereabouts he will have the freezing 
point, which may be nearer or farther from the bulb, 
accordingly as he intends the inſtrument to be uſed, 
more particularly to aſcertain great degrees of heat, 
| or 
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THERMOMETER. 


or of cold. At this ſtage of the buſineſs, likewiſe, he T#zxzmone- 


may heat the upper part of the tube with the blow- 
pipe, and draw it out to a fine capillary tube ready for 
ſealing. The bulb muſt then be heated in the candle, 
till a few particles of mercury have fallen off the top 
of the tube ; and notice muſt then be taken how much 


[nearer the freezing point is to the bulb than before, 


which may be done by immerſing it in the melting 
ſnow, as before. If it be not as low as deſired, the 
heating muſt be repeated, carefully obſerving not to 
throw out too much mercury at a time. When the 
due quantity of mercury is thus adjuſted, two candles 
muſt be prepared, the one to heat the bulb, and the 
other to cloſe the tube. The blow-pipe being in rea- 
dineſs, the upper part of the tube near the flame of 
one candle, and the bulb near the flame of the other, 
the mercury will riſe, and at laſt begin to form a glo- 
bule at the point of the capillary tube. At this in- 
ſtant the bulb muſt be withdrawn from the lower 
candle, at the ſame time that the flame of the upper 
is directed by the blow-pipe upon the point of the tube. 
This laſt will be immediately ignited, and will cloſe by 
the melting of its parts, before the mercury has per- 


 ceptibly ſubſided. When the mercury has fallen, this 


cloſure may be rendered more ſecure from accidental 
breaking, by fuſing the whole point of the tube, till it 
becomes round. 


If this buſineſs be properly done, the mercury in Proof of inter- 


the inſtrument thus filled will run backwards and for- 
wards in the tube, immediately upon inverting its 
ſituation, 


In 
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Adjuſtment 


cf the fixed 
points, 


Freezing, 


CONSTRUCTION OF THE 


In the original graduation of thermometers, two. 
fixed points of temperature are neceſſary. Theſe are 
the freezing point of water, or temperature of ice or 


ſnow, at the inſtant of formation, or rather when it is 


juſt beginning to liquefy; and the boiling point of wa- 
ter, or temperature at which, under a known preſſure, it 
is plentifully converted into ſteam, For the ſettling the 
freezing point, nothing more is neceſſary than to im- 
merſe the thermometer ſo deep in melting ſnow or ices 
as that the mercury may be barely viſible above its ſur- 
face, and carefully mark the place at which it ſtands. 


The boiling point is not quite ſo eaſily aſcertained 


Bailing. 


crude, hard, or ſaline waters acquire a greater heat in 
boiling than ſuch as are purer ; and the ſame water will 
acquire a greater heat under a greater preſſure. For 
this laſt reaſon, the boiling point ſhould be fixed ac- 
cording to the decifion of the committee of the Royal 
Society; namely, when the* barometer ſtands at 29.8 
inches. The beſt method is to provide a veſſel ſome- 
what longer than the thermometer, with a cover, and 
two holes in it ; one about an inch in diameter, for the 
ſteam to eſcape; and the other ſmaller, for the thermo- 
meter tube to be faſtened in it. When this is uſed, 
the thermometer mult be faſtened in the cover, ſo 


that the eſtimated place of the boiling point may 


be juſt above the hole. Water muſt be put in the 
veſſel, not ſufficient to touch the bulb of the thermo- 
meter, when the cover ſhall be put on. The veſſel 
muſt then be covered, a thin plate of metal laid on the 
ſteam-hole, and the water made to boil by heat ap- 
plied to the bottom only. The thermometer will be 


then ſurrounded with ſteam, which will raiſe its tem- 
perature 


" THERMOMETER. © 


perature to the boiling point; and this point muſt be 
carefully marked on the tube. The following method 
may be more convenient to thoſe who are not provid- 
ed with ſuch a veſſel; Wrap ſeveral folds of linen rags 
or flannel round the tube, nearly as high as the ſup- 
poſed boiling point ; hold the ball of the thermometer 
in the aſcending current of boiling rain water, about 
two or three inches below the ſurface ; pour boiling 
water on the rags three or four times, waiting a few 
ſeconds between each time; and wait ſome ſeconds 
after the laſt time of pouring on water, in order that 
the water may recover its full ftrength of boiling, 
which is conſiderably checked by the pouring on the 


THERMO- 
METER. 


. 


rags. The place where the mercury ſtands is the 


boiling-water point. 

Notwithſtanding the accurate adjuſtment of the ſixed 
points of a thermometer, yet if the tube be not truly 
cylindrical, or if the diviſions be not adjuſted to the 
inequalities of its diameter, the errors at the middle, 
between the two fixed points, may amount to more 
than a whole degree. A ſmall error in the ſtanding of 
thermometers may be occaſioned by the varying preſ- 
ſure of the atmoſphere, which alters the capacity of 
the glaſs; but it never amounts to ſo much as the 
tenth part of a degree. Spherical bulbs are leaſt ſub- 
ject to this. 


Adjuſtment for 
errors of the 
tube. 


Thermometers which, from the great length of their Standard ther- 


degrees, or for any other reaſon, are made to take in 
but a ſmall part of the interval between the two fixed 
points, are uſually graduated by compariſon with a 
ſtandard thermometer. a 


The 


mometer. 
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The very careful bailing of the mercury, as above 
deſcribed, is abſolutely neceſſary for ſuch thermometers 


Caſes in which as are to be ſealed when full: for if there were any air or 


the mercury 
need not be 
boiled, 


Scales of ther- 
mometers, 


Fahrenheit's, , 


moiſture left in the bulb, it would prevent the mercury 
in the tube from deſcending irito the bulb, ſo that the 
tube would continue always full. Theſe thermometers 
are undoubtedly the beſt ; but the vacuum above the 
mercury does not ſeem to be an indiſpenſable requiſite, 
If a clean dry tube be filled with pure boiled mercury, 
and a ſmall bulb be left at the top of the tube, to con- 
tain common air, in order that its expanſion or con- 
denſation, produced by the change in the mercurial 
ſurface, may be inconfiderable; there will be few 
practical objeCtions againſt ſuch a thermometer; more 
eſpecially if it be a ſecondary inſtrument, graduated 
by means of a ſtandard. There are fome thermome- 
ters made with tubes ſo very ſmall, and bulbs ſo large 
in proportion to them, that they will not admit of 
boiling the mercury in them, but are filled with boiled 
mercury by means of a condenſer. Theſe are neceſſa- 
rily of the kind here mentioned. 

The thermometers moſt in uſe at preſent are Fah- 
renheit's, Reaumur's, and Celſius's. In Fahrenheit's 
ſcale, the number of degrees between the freezing and 


| boiling water point is 180; the freezing point being 


Reaumur*s. 


Celſius's. 


at 32, and the boiling point at 212, both above o“, 
or the part from which the degrees are reckoned 
both ways. In Reaumur's ſcale, the number of de- 
grees between theſe two points is 80, and the freezing 
point is called o, from which the degrees are rec- 


koned both ways. In Celſius's thermometer, the in- 
| terval 


* 
1 
7 
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e terval is divided into 100, and the freezing point is u. MOME- 
N called 09, as in Reaumur's. To reduce theſe ſcales 8. 
T to each other, it muſt be obſerved, that one degree of ReduRtion of 
y | Fahrenheit's is equal to 5 of a degree of Reaumur, — HY 
* and to ; of a degree of Celſius. Therefore, if the various ſcales. 
8 number of degrees of Fahrenheit, reckoned above or 
0 below the freezing point, be multiplied by 4, and di- 


vided by 9, the quotient will be the correſponding 
number on Reaumur's ſcale. Or if the multiplier 
5, and the diviſor , be uſed, the quotient will give the 
degrees of Celſius's ſcale. And, contrariwiſe, if any 
number of degrees, either of Reaumur or Celfius, be 
multiplied by 9, and divided by 4 if of Reaumur, or 
by 5 if of Celſius, the quotient will give the degrees 
of Fahrenheit, reckoned either above or below ws 
freezing point, as the caſe may be. 


CHAP. 


_. 
"COMBUSTION, 


CHAP. IV. 


| ON COMBUSTION, AND THE APPLICATION oF HEAT 
TO CHEMICAL PURPOSES. 


APPLICAT. YE methods of producing an inereaſe of tem- 

oF HEAT. T üperature are various. The friction of two pieces 

3 | : | 

Friction; ham. Of wood, in a turner's lathe, produces heat and flame: 

mering; flint à nail may be made red hot by hammering it: and 

and ſteel, 
when flint and ſteel are ſtruck together, ſmall particles 
of the ſteel are ſeparated, which are ina ſtrong ſtate of 
deflagration, and, upon examination with the micro- 
ſcope, are found to have been fuſed into hollow greyiſh 

Solar focus. balls. The ſun's light, concentrated by a convex lens, 

or concave mirror, is likewiſe found to produce the 
molt aſtoniſhing effects, by raiſing the temperature of 

Chemical mix- bodies. And, among chemical mixtures, there are 

EIS many by which ignition and flame are produced. 

In theſe, and in all inftances where the temperature is 
raiſed, a diminution of the capacities of the bodies ap- 
pears to be the effective cauſe. 

Combuſtion, Moſt operations that require an increaſe of tempe- 
rature, are performed by the communication of heat 
from bodies in combuſtion. The general facts re- 
ſpecting this wonderful proceſs, are the following: 
There are certain bodies which, when ignited or 

- heated ſo as to become luminous, will foon ceaſe to 
be ſo, by the loſs of that heat which they communi- 


cate to the bodies around them: but there are others 
which, 
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wwhich, if ignited in contact with the air of the atmo- ArPLicar. 


ſphere, will not loſe their ignition, but continue to give 


OF HEAT. 


out heat, till their volatile parts are diſſipated, and the Combuſtion. = 


properties of the remainder entirely changed. Theſe 
laſt are called combuſtible bodies. It is found by ex- 
periment that the capacities or quantities of heat, in 
combuitible bodies, are not conſiderable ; that the 
quantity of. heat in atmoſpheric air, in the elaſtic ſtate, 
is exceedingly greatz and that part of this air is ab- 
ſorbed by bodies in combuſtion. If, therefore, the 
temperature of a combuſtible body be by any means 
ſo raiſed, as that the chemical proceſs by which air 


becomes condenſed and combined with it may go on, 


the temperature of the air will be raiſed, as its capa- 
city is diminiſhed, in paſſing from the elaſtic to the 
ſolid ſtate ; and it will therefore giye out its heat to the 
combuſtible body, which, inſtead of becoming colder, 
muſt increaſe in temperature, in proportion to the 
quantity of air condenſed in the ſame time, excepting 
ſo far as this effect is diminiſhed by the conducting 
power of the ſurrounding bodies. 


The proceſſes which are performed by the ſimple Proceſſes, 


application of heat, are as follow ; 


Roaſting. —This conſiſts in expoſing mineral bodies Roaſting. . 


to the heat of an open fire, for the purpoſe of diſſipat- 
ing their volatile contents. 


Calcination is performed by expoſing bodies, in an Calcination. 
open” veſſel, to a ſtrong heat, till no farther change can 


be produced in them. The body which remains, and 
withſtands the fire, is called a calx. Both theſe terms 
are more particularly applied to metals. Such bodies 


as are very little changed by heat, are called refractory. 
D | Fuſion 
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Fuſion, 


Digeſtion, 


Cementation, 


Evaporation. 


Concentration. 


Diſtillation. 


Rectiſication. 


Jublimation. 


PROCESSES BY HEAT. 


Fuſion conſiſts in heating bodies, in proper veſlels, 
till they become fluid. It is chiefly uſed for the pur- 


poſe of uniting ſmaller bodies into one large maſs, and 


caſting them into moulds of any deſired figure. The 
facility with which metals may be united in this way, 
after they have been divided, is probably the circum- 
ſtance that induced mankind to uſe them as the me- 
diums of exchange, or ſigns of value of all other 
commodities. 

Digeſtion conſiſts in keeping bodies for a conſidera- 
ble time immerſed in a fluid at a higher temperature 
than that of the atmoſphere, in order that combinations 
may take place that could not elſe have been effected. 

Cementation is a proceſs wherein ſolid bodies, one 
or more of them being pulverized, are expoſed to heat 
in proper veſſels, with the intention that the more 
volatile parts of the one body may unite with the 
other, or with its fixed parts. | 
Evaporation conſiſts in the diſſipating of fluids by 
heat. | 

Concentration conſiſts in increaſing the proportion 
of ſaline matter in any watery fluid, either by evapo- 
rating part of the water, or by cauſing it to freeze, 
and taking away the ice. 

When evaporation is performed in veſſels either 
perfectly or nearly cloſed, ſo that the volatile parts, 
which are raiſed in one part of the apparatus, may be 
received and condenſed in the other part, the proceſs 
is called diſtillation. _ 

Rectiſication is a ſubſequent diſtillation of the pro- 
duct which comes over. 


In the diſtillation of ſuch bodies as are ſolid in 
the 
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the uſual temperature of the atmoſphere, the vapours A LIcAr. 
8 rar. 
are ſcarcely condenſed before they become 1 ; 
this caſe the proceſs is called ſublimation ; and the 
condenſed vapours, which uſually have a powdery 
form, are called flowers. Such are the flowers of Flowers. 
brimſtone, of benjamin, of zinc, &c. Solid products, Sublimates. 
obtained in this way, are called ſublimares. 
Some of theſe operations may be performed by a Common fire, 
common culinary fire, and indeed moſt of them may 
when the quantities of matter are ſmall, which is uſu- 
ally the caſe in philoſophical experiments. In the arts, 
where every proceſs requires to be repeatedly carried 
on in the large way, a variety of furnaces have been 
contrived, to ſuit the various intentions of the opera- 
tors. But experimental inquiries demand the occa- 
ſional exertion of every branch of chemical operation 
for which reaſon the furnaces and apparatus ought to 
be conſtructed on as general principles as poſſible. 
The veſſels uſed in chemiſtry are Fig. 1. Crucibles, Crucibles. Ses 
or pots, made either of earth, black lead, forged iron, the plate. 
or platina. 'They are uſed for roaſting, calcination, 
and fuſion. 
Fig. 2. Cucurbits, mattraſſes, or bodies, which are Cucurbits, or 
glaſs, earthen, or metallic veſſels, uſually of the ſhape — 
of an egg, and open at top. They ſerve the purpoſes 
of digeſtion, evaporation, &c. 
Fig. 3. Retorts are globular veſſels of earthen ware, Retorts. 
glaſs, or metal, with a neck bended on one fide. Some 
retorts have another neck or opening at their upper 
part, through which they may be charged, and the 
opening may be afterwards cloſed with a ſtopper. 
Theſe are called tubulated retorts. 
D 2 Fig. 4. 
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Arrlicar. Fig. 4. Receivers are veſſels, uſually of glaſs, of 4 
OF HEAT» ſpherical form, with a ſtraĩght neck, into which the neck 
Receivers, Of the retort is uſually inſerted, When any proper 
ſubſtance is put into a retort, and heated, its volatile 
parts paſs over into the receiver, where they are con- 

denſed. 
Alembic=of Fig. 5. The alembic is uſed for diſtillation when the 

glaſs; . . 
products are too volatile to admit of the uſe of the laſt- 
mentioned apparatus. 'The alembic conſiſts of a body 4, 
to which is adapted a head 3. The head is of a co- 
nical figure, and has its external circumference or 
baſe depreſſed lower than its neck; ſo that the vapours 
which riſe, and are condenſed againſt its ſides, run 
down into the circular channel formed by its depreſſed 
part, from whence they are conveyed by the noſe or 
beak c, into the receiver D. This inſtrument is leſs 
ſimple than the retort, which certainly may be uſed 
for the moſt volatile products, if care be taken to ap- 
ply a gentle heat on ſuch occaſions. But the alembic 
has its conveniencies. In particular, the reſidues of 
diſtillations may be eaſily cleared out of the body a; 
and, in experiments of ſublimation, the head 1s very 
conyenient to receive the dry products, while the more 
volatile and elaſtic parts paſs over into the receiver. 

- —of metal. Fig. 6, Is the drawing of an alembic commonly 
made in metal. The head is contained in a veflel of 
cold water, to accelerate the condenſation z a method 
which is not fo rational as that of cooling the receiver, 
becauſe the coldneſs of the head, in the former caſe, 

| | cauſes much of the vapour to fall again into the body. 

| Stills for ardent Fig. 7, Repreſents the large itills uſed in the diſtil- 


| 1 8 lation of ardent ſpirits. Inſtead of uſing a refrigeratory 
or 


. nb ante a 


x. 


my 20”  S . 5 VV WW 


| FURNACES. 37 


or receiver, the ſpirit is made to paſs through a ſpiral AaryLIcart. 
pipe, called the worm, which is immerſed in a tub of, 
cold water. During its paſſage it is condenſed, and 

comes out at the lower extremity, E, of the pipe, in a 

fluid form. 

The beſt conſtruction of a furnace has not been well Furnaces, 

aſcertained from experience. There are facts which ſhew 

that a fire made on a grate near the bottom of a chim- 

ney, of equal width throughout, and open both above and 

below, will produce a more intenſe heat than any other 

furnace. What may be the limits for the height of 


the chimney, is not aſcertained from any preciſe trials 


but thirty times its diameter would not probably he too 
high, It ſeems to be a diſadvantage to contract the 
diameter of a chimney, ſo as to make it ſmaller than 
that of the fire-place, when no other air is to go up 
the chimney than what has paſſed through the fire ; 
and there is no proſpect of advantage to be derived 
from widening it. 

Fig. 8, Exhibits the common ſmall furnace for Melting fur- 

melting. A is the aſh-hole, where the air enters. c is 
the fire-place, containing a covered crucible ſtanding 
on a ſupport of baked earth, which reſts on the grate. 
D is the paſſage into E the chimney. At p is a ſhallow 
crucible called a cupel, placed in the current of the 
flame; and at F is an earthen or ſtone cover, to be occa- 
ſionally taken off, for the purpoſe of ſupplying the fire 
with fuel. 

Fig. 9, Is the reverberatory furnace. A is the fire- Reverberatory 
place, B the dome and chimney, which is moveable, IN | 
It ſeryes to reflect the flames, and cauſes them to ſur- 
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FUEL. BATHS. LUTES. 


round the veſſel c, which is by that means more 
ſtrongly heated than otherwiſe. 

Charcoal is the material moſt commonly uſed in 
furnaces. It produces an intenſe heat, without ſmoke; 
but it is conſumed very faſt. Coke, or charred pit- 
coal, produces a very ſtrong and laſting heat. Nei- 
ther of theſe produce a ſtrong heat at a diſtance from 
the fire. Where the action of flame is required, wood 
or coal muſt be burned. Several inconveniencies at- 


tend the uſe of coal, as its fuliginous ſumes, and its 


Chemical bath. 


Coating. 


aptitude to ſtop the paſſage of air, by becoming fuſed. 


It is uſed however in the reverberatory furnaces of 


glaſs-houſes ; and is the beſt material where veſſels are 
to be ſupplied with a great quantity of heat at no great 
intenſity, ſuch as in diſtilleries, &c. 

In many operations where a moderate and regular 
heat is required, it is advantageous to uſe a bath, or to 
coat the veſſel intended to be heated. A chemical 
bath is uſually made by putting a quantity of water, ſand, 
or other fluid or pulverulent fubſtance, into a metallic 
veſſel or pot, and immerſing the diſtilling veſſel in it. 
When the water or {and is once heated, it prevents the 
ſudden changes in the intenſity of the fire from affect- 
ing the veſſel that contains the matter under examina- 
tion. Chemical baths are made with water, ſand, 
iron filings, mercury, and with the fuſible compoſition 
of cight parts biſmuth, five lead, and three tin, which 
becomes fluid with a leſs heat than that of boiling 
water. 7 

Coating is chiefly intended to prevent glaſs veſſels 
from cracking by the ſudden variations of heat; and 


{crves likewiſe to render them capable of preſerving 
4 | their 
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their figure in higher degrees of heat than they could APPLICAT» 


ſuſtain without it. 'The materials are clay and fine 
ſand, well worked together into a paſte, and with the 
addition of ſome hair, ſuch as the bricklayers uſe. 
This is laid upon the veſſel in ſucceſſive thin coatings. 


OF HEAT» 


The joints or cloſures of veſſels are made tight by Lutes. 


compoſitions called lutes. The clay and ſand uſed for 
coating make a very good lute. In the diitillation 
of ſubſtances which are not corroſive, it is found ton- 
venient to cloſe the junctures with paper, or linen, 
paſted on. Wet ſtrips of bladder may alſo be uſed in 
theſe caſes. Slaked lime and the whites of eggs form 
a good lute, which ſpeedily dries and becomes firm; but 
the compoſition called fat Jute is uſed when the vapours 


are of a corroſive and volatile nature. This is compoſed Fat lute. 


of clay, firſt made-very dry and pulverized, and then 
beat together into a paſte with linſeed oil which has 
been boiled upon litharge, and is known in the ſhops 
by the name of drying oil. Fat lute does not harden, 
but requires to be ſecured on its place by ſtrips of linen 
dipped in the lute made of lime and whites of eggs. 


The flame of a lamp with many ſmall wicks may Lamp. 


be uſed in diſtillations that require a low heat. 


An ingenious ſtudent in chemiſtry, when he has Facility of 


familiariſed himſelf with the firſt principles, will ſoon 
perceive that there are few philoſophical inquiries, if 
any, that require a large apparatus of furnace, or veſ- 
ſels. A tobacco-pipe is a very uſeful crucible, in which 
a great number of operations may be performed in a 
common fire, eſpecially if urged with a pair of good 
double bellows. An earthen pot, or iron ladle, will 
contain a ſand-bath; andapothecaries phials,orFlorence 

D 4 flaſks, 


making ex- 
periments. 


40 


APPLICAT. 
OF HEAT. 


MIY 


Moveable fur- 
Naces. 


' Furnace for 
open fire, 


MOVEABLE FURNACES. 


flaſks, ſerve very well for mattraſſes. Chafing-diſhes, 
or ſmall iron ſtoves, may be applied to ſerve many uſeful 
purpoſes. And the blow-pipe and ſpirit-lamp, with a 


Tet of very ſmall retorts and receivers, may be adapted 


to the performance of almoſt eyery part * experimen- 
tal chemiſtry. 

The black-lead pots are very convenient for con- 
ſtructing a variety of moveable furnaces. They may 
be cut without difficulty by a ſaw whoſe teeth are ſet 
wide; and very eaſily admit of being ſcraped, drilled, 
or ground with ſand, to give them the requiſite figure. 
In Dr. Lewis's conſtruction, from whom the four fol- 
lowing figures are taken *, the pots which are intended 
to be applied to each other, are ground flat upon a 
ſtone, with a little ſand z the holes are ſawed with the 
common compaſs-faw of the carpenters, and are made 
a little narrower externally than internally; by which 
means it is caſy to fit them with ſtoppers made out of 
the broken pieces, that may be bought where the pots 
are ſold. Three or four hoops of copper-wire, about 
the thickneſs of a crow-quill, and firſt ſoftened by heat- 
ing it red-hot, are faſtened round the pots in the moſt 
convenient places, to render them more durable by 
keeping their parts together, after they may have been 
cracked. A thin copper hoop ſerves to ſecure the place 
of junction of two pots. 

Fig. 10, Repreſents a furnace for open fire formed 
by one pot. The lower ſquare aperture is the door of 
the aſh-pit, and the upper one the door of the fire-place, 
which, in the intentions this furnace is deſigned for, is 


* Lewis's Philoſophical Commerce of Arts, 
9 | kept 
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kept ſhut. T he charcoal is put in at the top, and fops 
plied with air by one or more of the lower apertures z 
and the intenſity of the fire may in ſome meaſure be 
regulated by more or leſs clofing of the apertures. If 
an iron pot, a ladle, or an old frying-pan, containing 
fand, be put over this fire on three iron ſupporters, ſo 
as to leave room for the eſcape of the burned air from 


AFTPLICAT., 
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the fire, a bath will be formed, in which digeſtions, Bath. 


diſtillations, and other chemical operations, may be per- 
formed. The round hole in the bottom ſerves to in- 
ſert the nozzle of a pair of bellows, which, when the 
other apertures are ſtopped, converts it into a blaſt 
furnace. 


Fig. 11, Is a wind furnace, formed by two pots ap- Moveable 


plied mouth to mouth. An iron chimney compoſed of 
pieces, by which its length may be regulated ſo as to 
increaſe the draught at pleaſure, is put on the top. The 
crucible containing the ſubject matters is placed upon 
a circular piece of brick laid upon the grate, which 
prevents the cold air from immediately ſtriking the 
crucible, and endangering the breaking it. The char- 
coal 1s put through the fire-place door, or larger aper- 
ture of the dome, or upper pot, which ſhould always 
be cloſed immediately after each ſupply of fuel. The 
two oppoſite holes in the upper part of the dome 
afford the conveniency of paſſing an iron rod through, 
for ſafely and commodiouily liſting it when intenſely 
heated. 


Fig. 12, Is a furnace conſiſting of two pots, ſepa- Reverberatory 


rated by an iron hoop, in which an opening or door 
is cut. It ſerves for a reverberatory furnace for diſtil- 


ling with retorts of earthen ware or coated glaſs. 'The 
bottom 


wind fur naco. 


ſurnace. 
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MOVEABLE FURNACE. 


bottom of the diſtilling veſſel reſts on two bars laid 
acroſs within the lower pot. If the grate of this fur- 
nace be occaſionally changed for a larger, which may 
be placed near the edge of the lower pot, a muffle, 
or ſmall earthen oven, may be placed in the midft of 
the fire, with its mouth oppoſite the hole in the iron 
hoop. In this may be performed all proceſſes that re- 
quire the admiſhon of air, and frequent inſpection, 
ſuch as aſſays, enamelling, &c. 


Moveable blaſt Fig. 12, Is an improved blaſt furnace. The pot 
furnace. 


which contains the fuel for this purpoſe, has a number 
of holes bored at ſmall diſtances, in ſpiral lines, all ovec 
it, from the bottom up to ſuch an height as it is de- 
ſigned the fuel ſhall reach. The crucible is placed 
upon a proper ſupport in the bottom; and the holes 
are made, not in a perpendicular direction to it, but 
oblique, that the ſtreams of air forced in through them 
may but juſt touch it: by this means the crucible is 
in no danger of being cracked by the blaſt, and the im- 
pelled heat plays in a kind of ſpiral upon its ſurface, 
The lower pot receives this perforated pot to ſuch a 
depth that all its holes hang in the cavity; which cavity 
having no other outlet than the aperture for the bellows, 
the air blown in through this aperture neceſſarily diſ- 
tributes itſelf through the perforations of the inner pot. 
Both pots may be of the largeſt ſize, the external nar- 
row part of the inner falling into the wide mouth of 
the outer. It wants no addition to its height; but, 
on the contrary, will be more commodious in regard to 
the inſpection and taking out of the crucible, if all the 
part above where the fuel reaches be ſawed away. The 


moiſt convenient cover for it, is an iron plate with a 
| round 
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round hole in the middle, and a handle projecting at A#vLICAT. 


Cannes 


one ſide for lifting it. (Letter a.) 

The force of the fire being thus in a great meaſure 
concentrated upon the crucible in the middle of the 
fuel, the crucible is heated expeditiouſly, and with a 
little quantity of fuel, to a very intenſe degree; while 
the exterior parts of the furnace are of no great heat, 
and permit the operator to approach without incom- 
moding him. 


Every effect of the moſt violent heat of furnaces may Blow-pipe. 


be produced by the flame of a candle, or lamp, urged 
upon a ſmall particle of any ſubſtance by the blow- 
pipe. This inſtrument is ſold by the ironmongers; and 
conſiſts merely of a braſs pipe, about one eighth of an 
inch diameter at one end, and the other tapering to a 
much leſs ſize, with a very ſmall perforation for the 
wind to eſcape. The ſmaller end is bended on one 
fide. For philoſophical, or other nice purpoſes, the 
blow-pipe is provided with a bowl, or enlargement, x, 
{fig. 14) in which the vapours of the breath are con- 
denſed and detaincd ; and alſo with three or four ſmall 
nozzles, with different apertures, to be flipped on the 
ſmaller extremity. Theſe are of uſe when larger or 
ſmaller flames are to be occaſionally uſed ; becauſe a 
larger flame requires a larger aperture, in order that 
the air may effectually urge it upon the matter under 
examination. 


There is an artifice in the blowing through this pipe, Artifice of 


which is more difficult to deſcribe than to acquire. 'The 


effect intended to be produced is a continual ſtream of pipe. 


air for many minutes, if neceſſary, without ceaſing. 
This is done by applying the tongue to che roof of the 
mouth, 


| 
| 
| 
| 
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THE BLOW-PIPE. 


mouth, ſo as to interrupt the communication between 
the mouth and the paſſage of the noſtrils : by which 
means the operator is at liberty to breathe through the 
noſtrils, at the ſame time that, by the muſcles of the 
lips, he forces a continual ſtream of air from the ante- 
rior part of the mouth through the blow-pipe. When 
the mouth begins to be empty, it is repleniſhed by the 
lungs in an inſtant; while the tongue is withdrawn 
from the roof of the mouth, and replaced again in the 
ſame manner as in pronouncing the monoſyllable tut. 
In this way the ſtream may be continued for a long 
time without any fatigue, if the flame be not urged too 
impetuouſly ; and even in this caſe no other fatigue is 
felt than that of the muſcles of the lips. | 

A wax-candle of a moderate ſize, but thicker wick 
than they are uſually made with, is the moſt conve- 
nient for occahonal experiments; but a tallow- candle 
will. do very well. The candle ſhouid be ſnuffed rather 
ſhort, and the wick turned on one fide towards the 
object, ſo that a part of it thould lie horizontal. The 
ſtream of air muſt be blown along this horizontal part 
as near as may be without ſtriking the wick. If the 
flame be ragged and irregular, it is a proof that the 
hole is not round or ſmooth; and if the flame have a 
cavity through it, the aperture of the pipe is too 
large. When the hole is of a proper figure, and duly 
proportioned, the flame conſiſts of a neat luminous 
blue cone, ſurrounded by another flame of a more faint 
and indiſtinct appearance. The ſtrongeſt heat is at 
the point of the inner flame. | 

The body intended to be acted on by the blow-pipe, 


ought not to exceed the ſize of a pepper-corn. It may be 
| laid 
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laid upon a piece of cloſe-grained well-burned charcoal, av»LIcat. 
unleſs it be of ſuch a nature as to ſink into the pores of ®* HEAT: 
that ſubſtance, or to have its properties affected by its 
inflammable quality. Such bodies may be placed in a 

ſmall ſpoon made of pure gold, or ſilver, or platina. 

Many great advantages may be derived from the uſe Advantages of 
of this ſimple and valuable inſtrument. Its ſmallneſs, Win 
which renders it ſuitable to the pocket, is no inconſide- 
rable recommendation. The moſt expenſive materials, 
and the minuteſt ſpecimens of bodies, may be uſed in 
theſe experiments; and the whole proceſs, inſtead of 
being carried on in an opake veſſel, is under the eye of 
the obſerver from beginning to end. It is true that very 
little can be determined in this way concerning the 
quantities of products; but in moſt cafes a knowledge 
of the contents of any ſubſtance is a great acquiſition, 
which is thus obtained in a very ſhort time, and will at 
all events ſerve to ſhew the beſt and leaſt expenſive way 
of conducting proceſſes with the ſame matters in the | 
larger way. 

The blow-pipe * has deſervedly of late years been its uſe ren - | 
conſidered as an eſſential inſtrument in a chemical la- Hes I by | 
boratory ; and ſeveral-attempts have been made to faci- | 
litate its uſe by the addition of bellows, or ſome other 
equivalent inſtrument. Theſe are doubtleſs very con- 
venient, though they render it leſs portable for minera- 
logical reſearches. It will not here be neceſſary to enter 
into any deſcription of a pair of double bellows fixed 
under a table, and communicating with a blow-pipe 


* See Magellan's edition of Cronſtedt's Mineralogy, or Berg- 
mann's Chemical Eſſays. 


which 
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APPLICAT. Which paſſes through the table. Smaller bellows, of a 


OF HEAT. 


portable ſize for the pocket, have been made for the 
ſame purpoſe. The ingenious chemiſt will find no 
great diſhculty in adapting a bladder to the blow-pipe, 
which, under the prefſure of a board, may produce a 
conſtant ſtream of air; and may be repleniſhed, as it 
becomes empty, by blowing into it with bellows, or 
the mouth, at another aperture furniſhed with a valve 
opening inwards. 

'The chief advantage theſe contrivances have over the 
common blow-pipe is, that they may be filled with 
vital or dephlogiſticated air, which increaſes the acti- 
vity of combuſtion to an aſtoniſhing degree. 
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CET > To 


CONCERNING THE METHODS OF MAKING EXPERI» 
MENTS ON BODIES IN THE FLUID AND 
IN THE AERIFORM STATE. 


F the preceding chapter, the methods of con- processes 


ducting proceſſes, in which conſiderable heat is our 
HEAT. 


required, may be eaſily underſtood. Little need be ſaid — 

concerning the manner of making experiments with 

fluid bodies in the common temperature of the atmo- 

ſphere. Baſons, cups, phials, mattraſſes, and other ſimi- Apparatus for 

lar veſſels, form the whole apparatus required for the 8 

purpoſe of containing the matters intended to be put 

together; and no other precaution or inſtruction is re- 

quired, than to uſe a veſſel of ſuch materials as ſhall 

not be corroded or acled upon by its contents, and of 

ſufficient capacity to admit of any ſudden expanſion, or 

frothing of the fluid, if expected. This veſſel muſt be 

placed in a current of air, if noxious fumes ariſe, in 

order that theſe may be blown from the operator. | 
The method of making experiments with perma- — for elaſtic 

nently elaſtic fluids or air, though ſimple, is not ſo 2 2 

obvious. We live immerſed in an atmoſphere not 

greatly differing in denſity from theſe fluids ; which are 

not, for that reaſon, ſuſſiciently ponderous to be detained 

in open veſſels by their weight. Their remarkable le- 

vity, however, affords a method of confining them, by | 

means of other denſer fluids. Dr. Prieſtley, whoſe la- 

bours have ſo far exceeded thoſe of his predeceſſors and 

cotemporaries, both in extent and importance, that he 

may « 
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48 ELASTIC FLUIDS. . 
PROCESSES may with juſtice be ſtyled the father of this importanf 
dogg " branchofnaturalphiloſophy,uſesthefollowingapparatus- 
Ln — Fig: 15. A repreſents a wooden veſſel, or tub; Kk, k, k, 
Apparanes ” is a ſhelf fixed in the tub. When this apparatus is 
with elaſtic uſed, the tub is to be filled with water to ſuch an 
height, as to rife about one inch above the upper 
ſurface of the ſhelf. B, G, x, are glaſs jars inverted 
with their mouths downwards, which reſt upon the 
ſhelf. If theſe, or any other veflels open only at one 
end, be plunged under the water, and inverted after 
They are filled, they will remain full, notwithſtanding 
their being raiſed out of the water, provided their mouths 
be kept immerſed; for in this caſe the water is ſuſ- 
tained by the preſſure of the atmoſphere in the ſame 
manner as the mercury in the barometer. It may 
without difficulty be imagined, that if common air, or 
any other fluid reſembling common air in lightneſs 
and elaſticity, be ſuffered to enter theſe veſſels, it will 
riſe to the upper part, and the ſurface of the water 
will ſubſide. If a bottle, a cup, or any other veſſel 
in that ſtate which is uſually called empty, though 
teally full of air, be plunged into the water with its 
mouth downwards, ſcarcely any water will enter, be- 
caufe its entrance is oppoſed by the elaſticity of the in- 
cluded air; but if the veſſel be turned up, it immedi- 
ately fills, and the air riſes in one or more bubbles to 
the ſurface. Suppoſe this operation to be performed 
under one of the jars which are filled with water: the 
air will aſcend as before ; but, inſtead of eſcaping, it 
will be detained in the upper part of the jar. In this 
manner, therefore, we ſee that air may be emptied out 


of one veſlel into another, by an inverted pouring, in 
which 
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which the air is made to aſcend from the lower to the PROCESSES 
upper veſſel, in which the experiments are performed, N OT ng rug 
by the action of the weightier fluid, exactly fimilar wy — 
to the common pouring of denſer fluids, detained — cn okay 
in the bottoms of open veſſels, by the ſimple action of _—_ elaſtic 
uids. 

gravity, When the receiving veſſel has a narrow neck, 
the air may be poured through a glaſs funnel, h. 

C (fig. 15) is a glaſs body or bottle, whoſe bottom Body and tube. 
is blown very thin, that it may ſupport the heat of a 
candle ſuddenly applied, without cracking. In its neck 
is fitted, by grinding, a tube p, curved nearly in the 
form of the letter s. This kind of veſſel is very uſeful in 
various chemical operations, for which it will be con- 
venient to have them of ſeveral ſizes. In the figure, 0 
the body c is repreſented as containing a fluid, in the 
act of combining with a ſubſtance that gives out air, 


which paſſes through the tube into the jar B, under 


whoſe mouth the other extremity of the tube is placed. 
AtE is a ſmall retort of glaſs or earthen ware, whoſe 
neck being plunged in the water, beneath the jar x, is 
ſuppoſed to emit the elaſtic fluid, extricated from the 
contents of the retort, which is received in the jar. 
When any thing, as a gallipot, is to be ſupported at Stand or ſup- 
a conſiderable height within a jar, it is convenient to Pt of wire. 


have ſuch wire ſtands as are repreſented fig. 16. Theſe 


anſwer better than any other, becauſe they take up but 
little room, and are eaſily bended to any figure or 
height. 
In order to expel air from ſolid ſubſtances by means Gun- barrel. 
of heat, a gun-barrel, with the touch-hole ſcrewed up 
and riveted, may be uſed inſtead of an iron retort. 
E The 
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ayPARaTUs The ſubject may be put in the chamber of the barrel, 
FOR kt, and the reſt of the bore may be filled with dry ſand, 
TIC FLUIDS 
— — that has been well burned, to expel whatever air it 
might have contained. The ftem of a tobacco-pipe, 
or a ſmall glaſs tube, being luted in the orifice of the 
barrel, the other extremity muſt be put into the fire, 
that the heat may expel the air from its contents. This 
air will of courſe paſs through the tube, and may be 
received under an inverted veſſel, in the vſual manner. 
Phials with But the moſt accurate method of procuring air from 
ro ſeveral ſubſtances, by means of heat, is, to put them, if 
they will bear it, into phials full of quickſilver, with 
the ' mouths inverted in the ſame, and then throw the 
Burntng lens, focus of a burning lens or mirror upon them. For this 


wn * purpoſe their bottoms ſhould be round, and very thin, 


that they may not be liable to fly with the ſudden ap- 
plication of heat. The body c anſwers this purpofe 
very well. | 
ee Many kinds of air combine with water, and there- 
ry. 
fore require to be treated in an apparatus in which 
quickſilver is made uſe of. This fluid being very 
ponderous, and of conſiderable price, it is an object 
of convenience as well as ceconomy, that the trough 
and veſſels ſhould be ſmaller than when water is 
uſed. 
Combuſtion of When trial is to be made of any kind of air, who- 
wth ther it be fit for maintaining combuſtion, the air may 
be put in a long narrow glaſs veſſel, whoſe mouth be- 
ing carefully covered, may be turned upward. A bit 
of wax candle being then faſtened to the end of a wire, 
which is bended ſo that the flame of the candle may be 
upper - 


a 
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uppermoſt, is to be let down into the veſſel, which ArrAGArus 
muſt be kept covered till the inſtant of plunging the 2 a 4 


lighted candle in the air. 
Where the change of dimenſions, which follows Meaſuring 


from the mixture of ſeveral kinds of air, is to be aſcer-- * 
tained, a graduated narrow cylindrical veſſel may be 
made uſe of. The graduations may be made by pour- 
ing in ſucceſlive equal meaſures of water into this veſ- 
ſel, and marking its ſurface at each addition. The 
meaſure may be afterwards uſed for the different kinds 
of air; and the change of dimenſions will be ſhewn by 
the riſe or fall of the mercury, or water, in the graduated 
veſſel. The purity of common air being determinable 
by the diminution produced by the addition of nitrous 
air, theſe tubes have been called eudiometer tubes. 


There are inſtruments called eudiometers, which con- Eudiometers. 


ſiſt of an aſſemblage of parts adapted to the due mix- 
ture of theſe airs, and the accurate meaſurement of 
the change of bulk they undergo. 

There are ſome ſubſtances, more eſpecially powders, Mangement 
which cannot conveniently be put in a phial, or paſſed — 
through a fluid. When air is to be extricated from, 
or added to, theſe, there is no better method than to 
place them on a ſtand under the receiver of the air- 
pump, and exhauſt the common air, inſtead of exclud- 
ing it by water or mercury. This proceſs requires a 
good air-pump and careful management, otherwiſe the 
common air will not be well excluded. 

It is frequently an intereſting object to paſs the elec- Electric ſpark. 
tric ſpark through different kinds of air, either alone 
or mixed together. In this caſe a metallic wire may 
be faſtened in the upper end of a tube, and the ſparks, 
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arPARATUS or ſhock, may be paſſed through this wire to the mer. 


rie FLUmms, cury or water uſed to confine the air. If thete be 
———  - reaſon to apprehend that an expanſion in the air may 


lied. city ap remove the mercury or water beyond the ſtriking 
diſtance, another wire may be thruſt up to receive the 
electricity, or two wires may be cemented into oppo- 
ſite holes in the ſides of an hermetically ſealed tube. 


Holes drilled in Holes may be made in glaſs for this and other chemi- 


88 cal uſes, by a drill of copper, or ſoft iron, with emery 
and water; and, where this inſtrument is wanting, a 
ſmall round file with water will cut a notch in ſmall 
veſſels, ſuch as phials or tubes, though with ſome 
danger of breaking them. In ſome electrical experi- 

ments of the kind here mentioned, there is reaſon to 
expect a fallacious reſult from the wires being burned 
by the exploſion, or ſpark. For this reaſon the elec- 
tricity may be made to paſs through the legs of a ſy- 
phon, containing the air which is under conſideration 
in the upper part of its curvature. One of the veſſels 
in which the legs of the ſyphon reſt, muſt therefore be 
inſulated ; and if any watery fluid be uſed to confine 
the air, it is generally ſuppoſed that no combuſtion 
takes place. 

Impregnation The proceſs of impregnating water with any aerial 

fluid it will combine with, does not require any parti- 

cular apparatus, but may be performed with ſuch uten- 
ſils as are every where to be met with. The moſt 
uſual operation of this kind is that of impregnating 

—with fixed water with fixed air; which may be done in the fo!- 

25 lowing manner. The quart bottle c, fig. 17, is filled 
with water, and inverted into the baſon x, which like- 


wiſe contains a little water. The inverſion may be 
eaſily 


all 
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eafily managed, without any of the contents of the bot- 
tle eſcaping, if its orifice be covered with a card, to 
be withdrawn after the immerſion. a is a half-pint 
phial, into which broken pieces of marble or chalk are 
put; and upon them is poured as much water, ren- 
dered very acid by a mixture of oil of vitriol, as may 
fill the bottle two-thirds. B is a bladder, whoſe neck 
is tied faſt round a perforated cork of a tapering figure. 
After the eſferveſcence of the chalk and the acid has 
begun, the cork is to be thruſt into the neck of the 
phial a, the bladder being previouſly emptied by preſ- 
ſure. Fixed air will eſcape from the chalk, and inflate 
the bladder. When this laſt is full, it mult be diſ- 
engaged from the bottle, and the bended tube E muſt 
be thruſt into the orifice of its cork. The aperture of 
the tube being then placed beneath the mouth of the 
bottle c, it is eaſy to diſcharge the aerial contents of 
the bladder by preſſure into this laſt. Agitation of 
the bottle c, without withdrawing its neck out of the 
water, increaſes the contact of the air and water, by 
dividing them into ſmall parts, and by that means 
cauſes the abſorption to take place in a few ſeconds. 
Two or three repetitions of this proceſs impregnate 
the water ſo fully, that it will abſorb no more in this 
way. The Pyrmont water is of this kind. 

The uſe of the bladder, in this operation, is only 
to prevent any of the fluid contents of the bottle a from 
paſſing into the bottle e, which would happen in the 
violent ſtate of ebullition, if the tube = were to paſs 
directly from the bottle a to c. The manipulation is 
ſimpler if the bladder have two holes at its oppoſite 

E 3 ends, 
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APPARATUS ends, the one containing a cork, conſtantly kept in the 


FOR ELAS- 
TIC FLU1DS, 


neck of the bottle a, and the other faſtened round the 


AA tube x, which then remains conſtantly beneath the 


mouth of c; and the air is preſſed up as occaſion may 


demand. See fig. 18. 


Dr. Nooth'sap- When habitual uſe is made of water impregnated 


paratus. 


with fixed air, the apparatus of Dr. Nooth is very ef- 
fectual and convenient. It conſiſts of three glaſs veſ- 
ſels (fig. 19) The lower veſſel c contains the effer- 
veſcent materials: it has a ſmall orifice at p, {topped 
with a ground ſtopper, at which an additional ſupply 
of either acid, or water, or chalk, may be occaſionally 
introduced. The middle veſſel ꝝ is open both above 
and below. Its inferior neck is fitted by grinding into 
the neck H of the lower veſſel. In the former is a 


glaſs valve, formed by two pieces of tube, and a lens, 


which is moveable, between them, as repreſented in 
fig. 20. This valve opens upwards, and ſuffers the 
air to paſs z but the water cannot return through the 
tubes, partly becauſe the orifice 1s capillary, and partly 
becauſe the flat lens covers the hole. The middle 
veſſel is ſurniſhed with a cock E, to draw off its con- 
tents. The upper veſſel 4 is fitted, by grinding, into 
the upper neck of the middle veſſel. Its inferior part 
conſiſts of a tube, that paſſes almoſt as low as the 
centre of the middle veſſel. Its upper orifice is cloſed 
by a ground ſtopper y. When this apparatus is to be 
uſed, the efferveſcent materials are put into the lower 
veſſel; the middle veſſel is filled with pure water, and 
put in its place; and the upper veſſel is nearly ſtopped, 


and hkewiſe put in its place. The conſequence is, 


9 that 


VE 
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that the fixed air, paſſing through the valve at H, APPARATUS 
aſcends into the upper part of the middle veſſel B, NN” 
where, by its elaſticity, it re-acts on the water, ana | 
forces part up the tube into the veſſel a; part of the — ap- | 
common air, in this laſt, being compreſſed, and the 

reſt eſcaping by the ſtopper, which is made of a coni- | 
cal figure, that it may be eaſily raifed. As more fixed 
air is extricated, more water riſes, till at length the 

water in the middle veſſel falls below the lower orifice 

of the tube. Fixed air then paſſes through the tube 

into the upper veſſel, and expels more of the common 

air by raifing the ſtopper. In this ſituation the water 

in both veſſels, being in contact with a body of fixed 

air, becomes ſtrongly impregnated with that fluid, af- 

ter a certain time. This effect may be haſtened by 

taking off the middle and upper veſſels together, and 

agitating them. | 

The valve is the moſt defective part of this appa- its valve de- 
ratus : for the capillary tube does not admit the * 
through, unleſs there be a conſiderable quantity con- 
denſed in the lower veſſel: and the condenſation has, 
in ſome inſtances, burſt the veſſel. 

Modern diſcoveries, reſpecting bodies in the aeriform Improvements 
ſtate, have produced ſeveral capital improvements in 2 
the veſſels uſed for diſtillation. It was common with 
the earlier chemiſts to make a ſmall hole in the upper 
part of their retorts, that the elaſtic vapours might 
eſcape, which would otherwiſe have burlt the veſſels. 

By this means they loſt a very conſiderable part of 


their products, Fig. 21, is an apparatus of veſlels*, 


„ Prieſtley, III. 
E 4 in 


_ -- IMPROVEMENTS IN THE 


VESSELS in which all the products may be examined. A ls x 
E. 3 mattraſs, which communicates with the receiver , by 
. tube that reaches very near the bottom of the latter. 
— 2 of The upper part of this recewer comraunicates in the 
ſame manner with the ſecond receiver c, by a tube 

reaching nearly to the bottom of c. In like manner 

c communicates with p, and from p proceeds a re- 

curved tube, which may be inſerted beneath an in- 

verted veſſel of water, or mercury. It is evident, in 

this apparatus, that whatever volatile matter eicapes 

from the veſſel 4, by heat or otherwiſe, will eicher 

be condenſed in B, c, or p; and that the aerial products 

will paſs through the whole ſet, and through the re- 

curved tube, into the inverted veſſel. Theſe receivers 

may be more or leſs numerous, according to circum- 

ſtances; and the volatile products may be condenſed 

| in, or made to paſs through, water, oil, or any other 
WW | fluids placed in either of the receivers. The tubes 
may be either fitted in with cork and cement ; or, 
which 1s better, but more expenſive, by grinding. 
Small veſſels of this kind form a convenient interrup- 
tion in the recurved tube, paſſing from a bottle con- 


- ve 
— 
— 


3 2 : : 

11 taining matters that give out air, as they are preferable 
Fs in cloſeneſs and neatneſs to a bladder. 

1 Improved re- Fig. 22, Exhibits an improvement in the receiver in 
T2 ceiver, EN bs K x” . 

' 4 diſtillation*. à is the retort. B an intermediate veſ- 


ſel, called an adopter, which is only occaſionally uſed, 
c the receiver, having two necks ; one at p, inſerted 
into a bottle which receives the products which are 


—— 
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| By Mr. Woulfe. Prieſtley, III. 
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uſually condenſed in the receiver; and the other, at BE, vess88BLs 
tranſmits the more volatile or aeriform products into a — ta wm 
baſon 6, containing water; beneath the ſurface of Co 
which the extremity of the neck E is plunged. It is 

obvious that this apparatus is. more particularly uſeful 

when the products are ſuch as combine with the fluids 

in o, and would otherwiſe eſcape ; and it is hardly 

neceſſary to obſerve, that a bottle, or other convenient 

veſſel, may be ſubſtituted inſtead of the baſon G. 

It often happens in chemical proceſſes, from the ir- Remedy againft 
regularity of the heat, or from other circumſtances, „ 
that the condenſation is more rapid, in proportion to 
the ſupply of vapour, at ſome periods of the ſame ope- 
ration than at others. Whenever this takes place, the 
elaſticity of the vapours will not be equal to the exter- 
nal preſſure of the air; and if any orifice of the veſ- 
ſels, which are in other reſpects cloſed, be plunged in 
water, or any other fluid, this laſt will be preſſed into 
the veſſels, The remedy for this inconvenience is, to 
plunge the neck of the veſſel to no greater depth in 
the water, than that the ſall of the water, in the re- 
ceiving veſſel, may leave the orifice open for the ad- 
miſſion of air, before the water has riſen high enough 
above the orifice to reach the contents of the veflels. 

This effect is increaſed by making the neck large, in 
proportion to the diameter of the veſſel which contains 
the water. Thus, if the neck E be made large, and 
the water from the baſon G ſhould, by a rapid conden- 
ſation in c, be forced up the neck, the ſurface of the 
water in G will fall ſo much as to leave the lower ori- 
fice of E uncovered, before any conſiderable riſe can 

take 
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take place; but if x were narrower, its whole capacity 
would be filled, and the water would run over into c 


Remedy againſt before the fall in 6 would be ſufficient to uncover the 


abſorption ; - 


woof Chaptal, 


orifice of x, and reſtore the equilibrium, by admitting 
common air. This obſervation applies to all chemical 
veſſels, and is in no caſe more eſſential than when the 
neck of a ſimple retort is plunged in water contained 
in a receiver. 

The above contrivance, which is Mr. Babington's, 
cannot very conveniently be applied to the apparatus 
fig. 21, in which nevertheleſs the condenſation of 
elaſtic matter in the retort might occaſion a diſagree- 
able return of the fluids from the reſpective bottles in 
ſucceſſion. Chaptal remedies this by a very fimple 
expedient, He has the tube of communication between 
A and B rather too ſhort to reach the liquid in Bz and 
through the bottom or upper part of this inverted re- 
ceiver B he paſſes a ſmall tube open at both ends, and 
plunged into the liquid. This communication with 
the external air has no perceptible effect, as far as re- 
lates to any eſcape of the vapours; though it effectually 
remedies the conſequences'of abſorption. 


CHAP. 


formed with an edge like that of a knife; and the Ina 
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CHAP. VI. 


CONCERNING THE BALANCE AND WEIGHTS, WITH 
A COMPARATIVE TABLE OF THE VARIOUS 
WEIGHTS MADE USE OF IN EUROPE, 


HE beginning and end of every exact chemical Tax 
proceſs conſiſt in weighing. With imperfect RIO , 
inſtruments this operation will be tedious and inaccu- 
rate: but, with a good balance, the reſults will be 
ſatisfactory; and much time, which is ſo precious in 
experimental reſearches, will be ſaved. I have not, 
therefore, thought it improper to devote a whole 
chapter to this general and important ſubject ; by the 
help of which, if attentively conſidered, the chemical 
ſtudent may learn to diſtinguiſh a good inſtrument, or 
correct the errors of a bad one. 
The balance is a lever, whoſe axis of motion is Balance de- 


two diſhes at its extremities are hung upen edges of 
the ſame kind. Theſe edges are. firſt made ſharp, and 
then rounded with a fine hone, or a piece of buff 
leather. The excellence of the inſtrument depends, 
ina great meaſure, on the regular form of this rounded 
part. When the lever is conſidered as a mere line, the 
two outer edges are called points of ſuſpenſion, and Points of ſuſ- 
the inner the fulcrum. The points of ſuſpenſion are PenfHon. 
ſuppoſed to be at equal diſtances from the fulcrum, Fulerum. 
and to be preſſed with equal weights when loaded. 

1. If 
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THE 1. If the fulcrum be placed in the center of gra- 
BALANCE. vity of the beam, and the three edges lie all in the 
Propoſitions, ſame right line, the balance will have no tendency to 
one poſition more than another; but will reſt in any 
poſition it may be placed in, whether the ſcales be on 

or off, empty or loaded. 

2. If the center of gravity of the beam, when level, 
be immediately above the fulcrum, it will overſct by the 
ſmalleſt action; that is, the end which is loweſt will de- 
ſcend: and it will do this with more ſwiftneſs the higher 
the center of gravity,and the leſs the points of ſuſpenſion 
are loaded. | 

3. But if the center of gravity of the beam be 
immediately below the fulcrum, the beam will not 
reſt in any poſition but when level; and, if diſturbed 
from that poſition, and then left at liberty, it will 
vibrate, and at laſt come to reſt on the level. Its 

vibrations will be quicker, and its horizontal tendency 
11 ſtronger, the lower the center of gravity, and the leſs 
i the weight upon the points of ſuſpenſion. 
7 4. If the fulcrum be below the line joining the points 
of ſuſpenſion, and theſe be loaded, the beam will 
_ overſet, unleſs prevented by the weight of the beam 
tending to produce an horizontal poſition ; as in 9 3. 
N In this laſt caſe, ſmall weights will equilibrate, as in 
§ 3; a certain exact weight will reſt in any poſition of 
the beam, as in g 1 ; and all greater weights will cauſe 
Money ſcales. the beam to overſet, as in g 2. Money ſcales are often 
1 | made this way, and will overſet with any conſiderable 
load, 
5. If the fulcrum be above the line joining the 
points of ſuſpenſion, the beam will come to the hori- 
zontal 
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zontal poſition, unleſs prevented by its own weight, as 
in 9 2. If the center of gravity of the beam be nearly 


in the fulcrum, all the vibrations of the loaded beam Propoſitioas. 


will be made in times nearly equal, unleſs the weights 
be very ſmall, when they will be flower. The vibra- 
tions of balances are quicker, and the horizontal ten- 
dency ſtronger, the higher the fulcrum. 

6. If the arms of a balance be unequal, the weights 
in equipoiſe will be unequal in the ſame proportion. 
It is a ſevere check upon a workman to keep the arms 
equal, while he is making the other adjuſtments in a 
ſtrong and inflexible beam. 

7. The equality of the arms of a balance is of uſe, 
in ſcientific purſuits, chiefly in the making of weights 


by biſection. A balance with unequal arms will weigh Weighing with 
a balance which 
is not equibra- 


with equal arms, provided the ſtandard weight itſelf be chüal. 


as accurately as another of the ſame workmanſhip ; 


firſt counterpoiſed, then taken out of the ſcale, and 
the thing to be weighed be put into the ſcale, and 
adjuſted againſt the counterpoiſe. Or, when propor- 
tional quantities only are conſidered, as in chemical 
and other philoſophical experiments, the bodies and 
products under examination may be weighed againſt 
the weights, taking care always to put the weights in 
the ſame ſcale, For then, though the bodies may not 
be really equal to the weights, yet their proportions 
amongſt each other will be the ſame as if they had 
been accurately ſo. 

8. But though the equality of the arms may be well 
diſpenſed with, yet it is indiſpenſably neceſſary that 
their relative lengths, whatever they may be, ſhould 
continue invariable. For this purpoſe, it is neceſſary 
. either 
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either that the three edges be all truly parallel, or that 
the points of ſuſpenſion and ſupport ſhould be always 
in the ſame part of the edge. This laſt requiſite 1s the 
moſt eaſily obtained. 

The balances made in London are uſually conſtructed 
in ſuch a manner, that the bearing parts form notches 
in the other parts of the edges; ſo that the ſcales 
being ſet to vibrate, all the parts naturally fall into the 
ſame bearing. The balances made in the country have 
the fulcrum edge ſtraight, and confined to one conſtant 
bearing by two ſide plates. But the points of ſuſpen- 
ſion are referred to notches in the edges, like the Lon» 
don balances. The balances here mentioned, which 
come from the country, are incloſed in a ſmall iron 
japanned box; and are to be met with at the Bir- 
mingham and Sheſheld warchouſes, though leſs fre- 
quently than ſome years ago; becauſe a pocket contri- 
vance for weighing guineas and half guineas has got 
poſſeſhon of the market. They are, in general, well 
made and adjuſted, turn with the twentieth of a grain 
when empty, and will ſenſibly ſhew the tenth of a 
grain, with an ounce in each ſcale. Their price is 
from five ſhillings to half-a-guinea ; but thoſe which 
are under ſeven ſhillings have not their edges hardened, 
and conſequently are not durable. This may be aſ- 
certained by the purchaſer, by paſſing the point of a 
penknife acroſs the ſmall piece which goes through one 
of the end boxes; if it makes any mark or impreſſion, 
the part is ſoft. s 

9. If a beam be adjuſted ſo as to have no tendency 
to any one poſition, as in { 1, and the ſcales be equally 


loaded; then, if a ſmall weight be added in one of rhe 
ſcales, 
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ſcalks, that balance will turn, and the points of ſuſ- rut 
penſion will move with an accelerated motion, ſimilar ALAN CVs 
to that of falling bodies; but as much flower in pro- propoſitions. 
portion, very nearly, as the added weight is leſs than 
the whole weight borne by the fulcrum. 
10. The ſtronger the tendency to an horizontal po- 
ſition in any balance, or the quicker its vibrations, 
$5 3, 5, the greater additional weight will be required 
to cauſe it to turn or incline to any given angle. No 
balance therefore can turn ſo quick as the motion de- 
duced in $9. Such a balance as is there deſcribed, if 
it were to turn with the ten thouſandth part of the 
weight, would move at quickeſt ten thouſand times 
ſlower than a falling body; that is, the diſh containing 
the weight, inſtead of falling through ſixteen feet in a 
ſecond of time, would fall through only two hundredth 
parts of an inch, and it would require four ſeconds to 
move through one third part of an inch: conſequently, 
all accurate weighing muſt be flow. If the indexes Accurate 
of two balances be of equal lengths, that index which F*i3Þing is _ 
is connected with the ſhorter balance will move pro- 
portionally quicker than the other. Long beams are Long beams. 
the moſt in requeſt, becauſe they are thought to have 
leſs friction. This is doubtful : but the quicker an- 
gular motion, greater ſtrength, and leſs weight, of a 
ſhort balance, are certain advantages. 
11. Very delicate balances are not only uſeful in 
nice experiments, but are likewiſe much more expe- 
ditious than others in common weighing. If a pair of 
ſcales, with a certain load, be barely ſenſible to the 
one-tenth of a grain, it will require a conſiderable 


time to aſcertain the weight to that degree of accuracy, 
becauſe 
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quired. In this way a beam which would barely turn 
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becauſe the turn muſt be obſerved ſeveral times over; 
and is very ſmall. But if no greater accuracy weie 
required, and ſcales were uſed which would turn with 
the hundredth of a grain, a tenth of a grain more or 
leſs would make ſo great a difference in the turn, that 
it would be ſeen immediately. | 
12. If a balance be found to turn with a certain 
addition, and is not moved by any ſmaller weight, a 
greater ſenſibility may be given to that balance, by 
producing a tremulous motion in its parts. Thus, if 
the edge of a blunt ſaw, a file, or other ſimilar 
inſtrument, be drawn along any part of the caſe or 
ſupport of a balance, it will produce a jarring, which 
will diminiſh the friction on the moving parts ſo much, 
that the turn will be evident with one third or one 
fourth of the addition that would elſe have been re- 


by the addition of the tenth of a grain, will turn with 
the thirtieth or fortieth of a grain. 
13. A balance whoſe horizontal tendency depends 
only on its own weight, as in F 3, will turn with the 
ſame addition, whatever may be the load: except ſo 
far as a greater load will produce a greater friction. 
14. But a balance whoſe horizontal tendency de- 
pends only on the elevation of the fulcrum, as in 
6 5, will be leſs ſenſible the greater the load; and the 
addition requiſite to produce an equal turn will be in 
proportion to the load itſelf. 
15. In order to regulate the horizontal tendency in 
ſome beams, the fulcrum is placed below the points of 
ſuſpenſion, as in 5 4, and a fliding weight is put upon 
the cock or index; by means of which the centre of 


gravity 
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travity may be raiſed or depreſſed. This is an uſeful THe 

: BALANCE. 

contrivance. 
16. Weights are made by a ſubdiviſion of a ſtand- Sets of weights. 

ard weight. If the weiglit be continually halved, it 

will produce the common pile, which is the ſmalleſt poſ- Common pile. 

ſible number for weighing between its extremes, without 


placing any weight in the ſcale with the body under * 


examination. Granulated lead is a very convenient 


ſubſtance to be uſed in this operation of halving, Biſection. 
which however is very tedious. The readieſt way to 
ſubdivide ſmall weights, conſiſts in weighing a certain 
quantity of ſmall wire, and afterwards cutting it into 
ſuch parts, by meaſure, as are deſired. Or the wire 
may be wrapped cloſe round two pins, and then cut 
aſunder with a knife. By this means it will be di- Wire rings. 
vided into a great number of equal lengths, or ſmall 
rings. The wire ought to be ſo thin, as that one of 
theſe rings may barely produce a ſenſible effect on the 
beam. If any quantity (as, ſor example, a grain) of 
theſe rings be weighed, and the number then rec- 
koned, the grain may be ſubdivided in any propor- 
tion, by dividing that number, and making the weights 
equal to as many of the rings as the quotient of the 
diviſion denotes. Then, if 750 of the rings amounted 
to a grain, and it were required to divide the grain 
decimally, downwards, % would be equal to 675 
rings, 4 would be equal to 600 rings, d to 525 
rings, &c. Small weights may be made of thin leaf 
braſs. Jewellers foil is a good material fer weights be- 
low the 2. of a grain, as low as to the 13 of a grain; 
and all lower quantities may be either eſtimated by 
the poſition of the index, or ſhewn by actually count- 
F ing 


66 SETS OF WEIGHTS. 


THE ing the rings of wire,” whoſe value has been deter- 


Number of 17. In philoſophical experiments, it will be found 
— + 7-82, BU very convenient to admit no more than one dimenſion 
a (on. of weight. The grain is of that magnitude as to de- 
ferve the preference. With regard to the number of 
weights the chemiſt ought to be provided with, writers 
have differed according to their habits and views. Ma- 
thematicians have computed the leaſt poſſible number 
with which all weights, within certain limits, might 
be aſcertained ; but their determination is of little 


uſe, becauſe, with ſo ſmall a number, it muſt often 
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happen, that the ſcales will be heavily loaded with 
weights, on each fide, put in with a view only to de- 
termine the difference between them. It is not the 
leaſt poſſible number of weights which it is neceſſary an 
operator ſhould buy to eifect his purpoſe, that we ought 
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to enquire after, but the moſt convenient number for 
obtaining the reſults with accuracy and expedition 
The error of adjuſtment is the leaſt poſſible, when 
only one weight is in the ſcale; that is, a ſingle 
weight of five grains is twice as likely to be true, as 
two weights, one of three, and the other of two 
grains, put into the diſh to fupply the place of the 
ſingle ave, becaufe each of theſe laſt has its own pro- 
bability of error in adjuſtment. But, ſince it is as in- 
conſiſtent with convenience to provide a ſingle weight, 
aff, as it would be to have a ſingle character for every 
number; and as we have nine characters, which we 
uſe in rotation, to expreſs higher values according to 
their poſition; it will be found very ſerviceable to make | 


the ſet of weights correſpond with our numerical 
| ſyſtem. 
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{yſtetn, This directs us to the ſet of weights, as fol- 3 


lows: 1000 grains, 900 g. C g. 700 g. 600 g. 500 g. | 
400 g. 300 g. 200 g. 100 g. 90 g. 80 g. 70 g. 60 g · Decimal ſet of 
50 g. 40 g. 30 g. 20g. 10 f. 9. 8g. 78: 6g. 5 8 — 
4g. 3g. 2g. 1g. 1g 10 g. Leg. 168 reg. 158 
3 g. 1 g. 10 f. 125 g- Tevg· 189 &« reg. 18g : 
Tts f. vis g. 126 g. 156: With theſe the philoſo- 
pher will always have the ſame number of weights in 
his ſcales as there are figures in the number expreſſing 
the weights in grains. 

Thus 742.5 grains will be weighed by the weights 
700, 40, 2, and - | 

I ſhall conclude this chapter with an account of Account of 
ſome balances I have ſeen or heard of, and annex a ICI 
table of the correſpondence of weights of different 
countries. 


Muſchenbroek, in his Cours de Phyſique (French The balance of 
tranſlation, Paris, 1769), tom. ii. p. 247, ſays, 1 22 
uſed an ocular balance of great accuracy, which turned 
(trebuchoit) with 2% of a grain. The ſubſtances he 
weighed were between 200 and 300 grains. His ba- 
lance, therefore, weighed to the rtv part of the 
whole; and would aſcertain ſuch weights truly to four 
places of figures. 

In the Philoſophical Tranſactions, vol. Ixvi. p. 509, —of Bolton. 
mention is made of two accurate balances of Mr. 

Bolton; and it is ſaid that one would weigh a pound, 
and turn with Y of a grain. This, if the pound be 
avoirdupois, is 75457; of the weight; and ſhews that 
the balance could be well depended on to four places 
of figures, and probably to five. The other weighed 
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half an ounce, and turned with the +4; of a grain. 


Ar ARcg. This is the arcs of the weight. 


Balance of Mr. 
Read : 


— Of Mr. 
Whitchurft: 


— Of the 
Author: 


—of Mr. Al- 
chorne: 


of Dr. Geo, 
Fordyce, 


In the fame volume, p. 511, a balance of Mr, Read's 
is mentioned, which readily turned with leſs than one 
pennyweight, hen loaded with 55 pounds, before the 
Royal Society; but very diſtinctly turned with four 
grains when tried more, patiently. This is about the 
5755 part of the weight; and therefore this balance 
may be depended on to five places of figures. 

Alſo, p. 576, a balance of Mr. Whitehurſt's weighs 
one pennyweight, and is ſenſibly affected with the 
z of a grain. This is +5555 part of the weight. 

I have a pair of ſcales of the common conſtruc- 
tion, 5 8, made expreſsly for me by a ſkilful workmen 
in London, With 1200 grains in each ſcale, it turns 
with „ of a grain. This is the 4345 of the whole; 
and therefore about this weight may be known to five 
places of figures. The proportional delicacy is leſs in 
greater weights. 'The beam will bear near a pound 
troy, and when the ſcales are empty it is affected by 
the +5 of a grain. On the whole, it may be uſefully 
applied to determine all weights between 100 grains 
and 4000 grains to four places of figures. 

A balance belonging to Mr. Alchorne, of the Mint, 
in London, is mentioned, vol. Ixxvii. p. 205, of the 
Philoſophical Tranſactions. It is true to 3 grains with 
15 Ib. an end. If theſe were-avoirdupois pounds, the 
weight is known to +335, part, or to four places of 
figures, or barely five. 

A balance (made by Ramſden, and turning on points 
inſtead of edges) in the poſſeſſion of Dr. George For- 

a Fon dyCer 
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dyce, is mentioned in the Ixxvth volume of the Phi- 
loſophical TranſaQions. With a load of four or five 
ounces, a difference of one diviſion in the index was 
made by the --\, of a grain. This is 35/5 part of 
the weight; and, conſequently, this beam will aſcertain 
ſuch weights to five places of figures, beſides an eſti- 
wated figure. 

I have feen a ſtrong balance in the poſſeſſion of 
my friend Mr. Magellan, of the kind mentioned in 
9 15, which would bear ſeveral pounds, and ſhewed 
is grain, with one pound an end. This is the 
reer Of the weight, and anſwers to ſive figures. But 
I think it would have done more by a more patient 
trial than I had time to make. 

The Royal Society's balance, which was lately made 
by Ramſden, turns on ſteel edges upon planes of po- 


bg 


TBE 
BALANCE. 


* 


Tie balance of 
Mr, Magellan : 


—of the Royal 
Society. 


liſhed cryſtal. I was aſſured that it aſcertained a a 


weight to the ſeven millionth part. I was not preſent 
at this trial, which muſt have required great care and 
patience, as the point of ſuſpenſion could not have 
moved over much more than zg of an inch in the 
firſt half minute; but, from ſome trials which I ſaw, I 
think it probable that it may be uſed in general prac- 
tice to determine weights to five places and better. 


From this account of balances the young ſtudent Inferences. 


may form a proper eſtimate of the vaiue of thoſe 
tables of ſpecific gravities, which are carried to live, 
fix, and even ſeven places of figures, and likewiſe of 


the theoretical deductions in chemiſtry that depend on 


a ſuppoſed accuracy in weighing, which practice does 
not authoriſe, In general, where weights are given 
to five places of figures, the laſt figure is an eſtimate 

| F 3 or 


» 
u—ñ—äjä— U TEꝑ— 2 


70 WEIGHTS or DIFFERENT COUNTRIES. 


ur or gueſs figure; and where they are carried farther, it 
BALANCE. may be taken for granted that the author deceives either 
intentionally, or from want of ſkill in reducing his 
weights to fractional expreſſions, or otherwiſe. 
Compariſon of Among the numeraus public exertions which our 
weights: 0 . 
learned neighbours, the French, have made in favour 
of the ſciences, the determination of the relative pro- 
portions of the weights uſed in yarious parts of Europe, 
is by no means one of the leaſt, The moſt exact ſtand- 
ard weights were procured by means of the ambaſſa- 
dors of France, reſident in the various places; and 
by Monſ. theſe were compared by Monſ. Tillet with the ſtand- 
ard mark in the pile called the poids de Charlemagne, 
preſerved in the Cour de Monnoies at Paris. His ex- 
periments were made with an exact balance made to 
weigh one mark, and ſenſible to one quarter of a grain, 
Now, as the mark contains 18,432 quarter grains, it 
follows that his balance was a, good one, and would 
exhibit proportions to four places, and a gueſs figure, 
The reſults are contained in Table II. (Appendix), ex- 
tracted from Monſ. Tillet's excellent Paper in the Me- 
moirs of the Royal Academy of Sciences for the year 
1767. I have added the two laſt columns, which ſhew 
the number of French and Engliſh grains contained in 
the compound quantities againſt which they ſtand. The 
Engliſh grains are computed to one-tenth of a grain, 
though the accuracy of weighing came no nearer than 
about two-tenths. 
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CHAP, 


INERTIA. 


CHAP. Un. 


oN THE ATTRACTIONS EXERTED BETWEEN PODIES; 
PARTICULARLY THOSE WHICH THE 
CHEMISTS CALL ELECTIVE 
ATTRACTIONS, 


HUS far we have attended chiefly to the changes aFFEcTIoNs 
produced in bodies by an alteration in their tem- 8 
perature, and to the methods of conducting chemical 
operations. We now proceed to conſider thoſe actions 
which take place between the parts of bodies of diffe- 
rent kinds. Theſe form a branch of knowledge of the Great import- 
greateſt importance, but of ſuch an extended nature — * 
as to require the utmoſt caution to avoid error in en- —.— be- 
deavouring to acquire it. The whole ſcientific part of parts of bodies. 
chemiſtry depends on a right interpretation of facts of 
this kind. In the inveſtigation of thoſe general truths 
which may be conſidered as laws of nature, we cannot 
therefore be too careful in diſtinguiſhing well-eſtabliſhed 
facts from the ingenious though inadequate concluſions 
which theoretical writers are. too xeady to form, 

That property of matter or body by which we think Inertia of mat- 
we can beſt determine its quantity, is its inertia, or the 
reſiſtance it makes to the communication of motion. 

We cannot perhaps form any idea why there ſhould be 
more difficulty in moving one body than another, ex- 
cept that it really conſiſts of a larger portion of matter. 
The perceptible extenſion of the ſame body will vary, Extenſion. 
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ATTRAC- if the dimenſions of its pores be either increaſed gr dimi. 
T10NS. 


I 
I 
| 
1 
| 


6 — 


niſhed; and there is no inconſiſtency in ſuppoſing it at 
Gravity may leaſt poſſible that its weight, or the force by which it 
perhaps de mo- ö . 
vified ; is urged towards the earth, may not in all caſes conti- 
nue unaltered, but be capable of modification like the 
attractions of magnetiſm and electricity. Neither the 
extenſion nor the weight of bodies appears therefore to 
be original meaſures of their quantities of matter; how 
far they may be uſed as ſuch, muſt depend on their 
coincidence with the inertia. 
it oy —_ After a proper allowance has been made for the effects 
inexperiments. of the earth's rotation on its axis, it is found that the 
power of gravitation, in giving motion to the balls of 
pendulums, is accurately in proportion to their maſles, 
as meaſured by their reſiſtance or inertia. The weights 
of bodies therefore are meaſures of. their quantities 
of matter; and though the forces with which various 
bodies of equal magnitude are urged towards the 
earth, are different, we do not ſuppoſe the attraction 
| or affinity between thoſe bodies and the earth to be 
| At ſtronger or weaker in the ſeveral inſtances, but only 
' 


Uſual infer- that the maſſes are greater or leſs. Thus, though a 
ence. 


cubic inch of gold weighs more than twice as much as 
a Cubic inch of copper, we do not ſuppoſe a ſtronger 
. attraction between gold and the earth; but conclude 
8 that one general force acts on both, whoſe effects are 
PR greater on the former body than the latter, becauſe 
1 the maſs of the former is really greater than that of 
= the latter. 
q 4 N ate The effects of attraction between one body and ano- 
1 ther are ſo numerous, that we cannot avoid perceiving 
4 —cohefive, them every moment. Two ſmooth poliſhed pieces of 
| | | metal 
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metal adhere when preſſed together. Water and other ATTRAC- 
TE zu g TIONS, 
fluids take the form of globules, and will e to 8 
various bodies, and paſs into the pores of ſponge, bread, : 
or the cavities of ſmall tubes. Solid bodies retain their 
form by the adheſion of their parts; and without this 
power it is impoſſible to conceive how the univerſe 
could, for a moment, ſubſiſt in its preſent form. 
It may be queſtioned whether this coheſive attraction Cohefive at- 
. . traction differs 
be the ſame power as gravity. To decide the enquiry, from gravity. 
it will be neceſſary to compare their manner of action. 
The force of gravity acts in the inverſe proportion of 
the ſquare of the diſtance between the bodies: but the 
effects of coheſion are found to increaſe at a much faſter 
rate, as the bodies approach; lo that its power is in- 
comparably greateſt at ſmall diſtances. This ſeems to 
be a ſufficient reaſon for conſidering gravitation and 
coheſion as two diſtinct powers. 
The elective attraction of the chemiſts—ſuch, for ex- Elective attrac 
. . . . » tion, 
ample, as when copper, being diſſolved in an acid, is 
ſeparated, and falls to the bottom in a powdery form, 
on the addition of iron may, in all its numerous vari- 
eties, be either one general power, acting like gravity, 
according to the maſſes or denſities of the particles; or it 
may, lixe magnetiſm, be dependent more on the peculiar 
qualities of thoſe particles than on their maſſes. If the 
former were the cafe, we might ſimplify our deduc- 
tions by admitting that coheſion and elective attraction 
are the fame thing. It will be eaſy to examine whether Queſtion. 
this poſition will, in any one inſtance, lead us into an 
error; and, it it does, it muſt be abandoned. Spirit of 
wine diſſolves reſin ; water does not: hence it will 
follow, if the attraction depend on the denſity of par- 
| ticles, 
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cyEniIcal. ticles, that the particles of ſpirit of wine are denſer | 


5 5 N than thoſe of water. But, again, water diſſolves gums; 
L——— ſpirit does not: whence, by the ſame reaſoning, we 
— cn ſhould deduce, that the particles of water are denſeſt. 
— on den- But the true inference is, that if theſe different effects 

; depend on any general law, it does not follow the denſity 
of the particles; and till that general law is diſcovered, 
we ought to conſider the various attractions which occur 


in chemiſtry, as peculiar to the bodies in which they 


are obſerved. 
probably on Bergman, Morveau, and other eminent chemiſts, 
. are inclined to the opinion that there is but one 


general power of attraCtion in nature, which is modi- 
fied chiefly by the figure of particles when extremely 
near each other. But this has not been ſtrictly exa- 
mined. 

Aggregation. The adheſion of parts of the ſame kind, is called 
aggregation. Thus, a number of pieces of brimſtone 
united by fuſion, form an aggregate. The union of 

Mixture. bodies of different kinds, in a groſs way, is called mix - 
ture. Thus ſand and falt of tartar may be mixed 
together. But when the very minute parts of one 
body unite with thoſe of another ſo intimately as to 
form a body which has properties different from thoſc 

Combination, of either of them, the union is called combination, or 

1 compoſition. For example, ſand and ſalt of tartar, ex- 
poſed to a ſtrong heat, combine, and form a compound 
called glaſs, The minuteſt parts into which an aggre- 
gate can be imagined to be divided without decom- 

Integrant and poſition, are called integrant parts; but the parts into 

- = which it is divided by decompciition, are called com- 
ponent parts or principles, 

Principles 
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Principles which cannot be ſubdivided by art, are CHEMICAL 
called elements, or firſt principles ; and the principles _ 
made up of theſe, are called ſecondary principles. Some 


writers carry this order ſtill farther; but it muſt be con- rd principles 
feſſed that no means have yet been deviſed to ſhew une- | 
quivocally whether any ſuch ſubordination of principles 

exiſts, We may indeed diſcover the component parts of 

bodies; but we know nothing of their arrangement, 

As the chemical attractions, like other powers of the 
ſame kind, are weaker, the greater the diſtance be- 
tween the parts which act on each other; and as heat 
enlarges the dimenſions of the bodies; doubtleſs, by Heat. 
ſeparating their parts, it will not be difficult to explain SEC pag. 23 3. 
the effeCt of heat upon the changes produced in bodies 
by their elective attractions. 

If two ſolid bodies, diſpoſed to combine together, be Simple combi- 
brought into contact with each other, the particles that 22 
touch will combine, and form a compound; and the 
proceſs will go no further, if the compound ſtill retain 
the ſolid form. But if the compound be of ſuch a nature 
as to have its point of congelation or ſolidity much lower 
than the temperature in which the experiment is made, 
or if it attract water from the atmoſphere, it will be 
fluid; and the eſſential property of a fluid being, that 
all its particles may freely move amongſt each other, 
the parts of each body will be at liberty to move in 
ſucceſſion, ſo as beſt to obey the elective attraction. 

The conſequence will be, that a new compound, in a 

fluid form, will be produced by the union of the two 

bodies. An inſtance of this has already been ſhewn Page 19. 
in the mixture of ice and ſalt. 

I! one of the two bodies be fluid at the temperature Suſpenſion. 


of 
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EHeMICAL of the experiment, its parts will ſucceſlrvely unite with 
__ the parts of the ſolid, which will by that means be 
—— » ſuſpended in the fluid, and diſappear. Such a fluid is 
+ wa called a ſolvent, or menſtruum, and the ſolid body is 
ſaid to be diſſolved. Thus water diſſolves ſalt, mercury 

diſſolves gold, glaſs of lead diſſolves ſand, & e. 

Water. In the humid way, where the fluid ſtate is pro- 
duced by means of water, and in many caſes of which 
the diſſolved bodies ma; be recovered by evaporating 
the water, it is uſual to attend only to the actions of 

Cauſe of error the ſuſpended bodies, and neglect the fluid, becauſe 

— common to all experiments of this kind. But as the 

| water certainly has as great a ſhare in modifying the 
effect which follows, as any other of the bodies pre- 
ſent, the elective attractions between bodies held in 
ſolution in water, will not in general be the ſame as 
when the menſtruum is ſpirit, oil, or æther; or when, 
in the dry way, one of the bodies is rendered fluid by 
ſtrong heat. | 

Lifnits of ſatu- Some ſubſtances unite in all proportions. Such, for 

7 0 example, are acids in general, and ſome other ſalts, 
with water; and many of the metals with each other. 
But there are likewiſe many ſubſtances which cannot 
be diflolved in a fluid, at a ſettled temperature, in any 

in fluids: quantity beyond a certain proportion. Thus water 
will diffolve only about one fourth of its weight of 
common ſalt; and if more be added, it will remain 
folid. A fluid which holds in ſolution as much of 
any ſubſtance as it can diſſolve, is ſaid to be ſaturated 
with ir. But ſaturation with one ſubſtance does not 
deprive the fluid of its power of acting on and diſ- 
ſolving ſome other bodies, but in many caſes increaſes 


that 
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that power. For example, water, ſaturated with ſalt, eusuicar 
will diſſolve ſugar; and water, ſaturated with fixed air, 1 
will diſſolve iron, though, without that addition, it 
action on that metal is ſcarcely perceptible. The word 

ſaturation is likewiſe uſed in another ſenſe by chemiſts : in general. 
the union of two principles produces a body whoſe 

properties are different from thoſe of its component 

parts, but which reſemble thoſe of the predominat- 

ing principle. When the principles are in ſuch pro- 

portion as that neither may predowinate, they are 

ſaid to be ſaturated with each other; but if otherwiſe, 

the moſt predominant principle is ſaid to be under- 
ſaturated, and the other over-ſaturated. 

Fluids in general diſſolve a greater quantity of any Solution aſſiſted 
ſubſtance the higher the temperature. This probably Y heat. 
ariſes from the fluidity of the body in ſolution being 
promoted by the heat. 

When two bodies, which would not otherwiſe com- Medium of 
bine, are made to unite by the addition of a third, the bination. 
latter is called a medium. Thus the iron and water, 
in the inſtance lately mentioned, are ſaid to have com- 
| bined by the medium of fixed air, 

It often happens, on the contrary, that the tendency Separation, or 
to combination between a ſolvent and another body, 8 
is weakened or deſtroyed by the addition of a third. 

Thus ſpirit of wine weakens the action of water upon 
moſt ſalts, and of courſe ſeparates them from it. If 
to a ſaturated ſolution of nitre in water there be added 
an equal meaſure of ſtrong ardent ſpirit, the nitre 
becomes ſolid, and falls down in an inſtant to the bot- 
tom of the phial. The ſubſtance thrown dawn from 
a ſolvent by the addition of any other matter, is ſaid to 
3 be 
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CHEMICAL be precipitated, and P ſuch products are called 


ATTRAC- precipitates. 
TIONS. 


A When a compound of two principles is ſo affected 
Sump clecuve by the addition of a third, that a new compound is 
formed of this laſt principle and one of the other two ; 
at the ſame time that the principle which was part of 
the original compound, but does not enter into the 
ſecond combination, is diſengaged ; the decompoſition 
and new combination are ſaid to be produced by ſimple 
elective attraction or aſſinity. 
Examples of Moſt operations of nature” or art are ſo complex, 
1 that it is exceedingly difficult to exemplify theſe effects. 
The following inſtance will exhibit an effect of ſimple 
elective attraction, if we overlook the effect of the 
a water, which is preſent in both ſalts. Common falt 
TOE conſiſts of two principles. The one is the mineral 
alkali commonly known by the name of ſalt of ſoda; 
and the other is the marine acid, which, when com- 
bined with water, is known by the name of ſpirit of 
ſalt. If the vitriolic acid be poured upon common ſalt, 
it will attract the alkali more ſtrongly than it is at- 
trated by the marine acid. The conſequence will be, 
that it will unite with the alkali, and form a new 
compound, called Glauber's ſalt, while the marine acid 
flies off in the form of air. This air, meeting with 
moiſture in the atmoſphere, combines with it, and 
forms the common marine acid viſible in the form of 
white fumes. 
In the dry way: If a combination of lead and ſul- 
phur be fuſed with iron, the ſulphur unites with this 
laſt, and leaves the lead free. 


If we were to ſpeculate on theſe events, it would 
| be 


DOUBLE ELECTIVE ATTRACTION: 


be eaſy to ſhew from what ſuppoſed action among the 
particles they may happen. If a particle of alkali be 
ſurrounded by particles of marine acid, and the vi- 
triolic acid be added, the particles of theſe laſt may be 
ſo ſtrongly attracted by the alkali as to approach it, 
and remove the particles of marine acid beyond the 
limit of ſenſible attraction. This effect may be faci- 
litated by the action of heat, which increaſes the diſ- 
tances between parts of bodies; and the diſengaged 
ſubſtance may aſſume either the ſolid, fluid, vaporous, 
or aerial ſtate, according to the temperature and the 
peculiar properties of the body itſelf in that reſpect. 

Where two bodies, each conſiſting of two princi- 
ples, are ſo diſpoſed as to act on each other, and the 
order of the principles changes in ſuch a manner as to 
form two other bodies compoſed of different principles, 
the change is ſaid to be produced by double affinity, or 
double elective attraction. 

In the humid way: Let mercury be diſſolved in the 
nitrous acid (or ſpirit of nitre of the ſhops) until the 
acid will take up no more. The ſolution will then 
conſiſt of a mercurial ſalt diſſolved in water. Let 
tartar, which is a ſalt conſiſting of a peculiar acid 
united with the vegetable alkali, be added. The con- 
ſequence will be, that the alkali of the tartar will quit 
its own acid, and, uniting with the nitrous acid, will 
form nitre, which will continue diffolved ; and, on the 
other hand, the acid of the tartar, being diſengaged, 
will unite itſelf to the mercury, and form a ſalt, which, 
on account of its PT will fall down in the 
form of a powder. 
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Double elective 
attraction. 


Example: in 
the humid way: 


In the dry way: If an uo of gold and copper be =ery way. 


9 fuſed 
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cufανS)¾w. fuſed with the antimony of the ſhops, which conſiſts 
* of ſulphur and a metallic body called regulus of anti- 
8 mony, the ſuphur will unite with the copper, and 
float above, while the gold and the regulus combine 
together, and occupy the lower part of the crucible. 
Numerical ex- One of the principal objects of chemical reſearch 
preſſion of affi- : . 
nity. conſiſts in the numerical expreſſion of the attractive 
powers of bodies. If this were well aſcertained, it is 
probable we ſhould be able to foretel, not only the 
effects of ſimple or double affinity, but likewiſe in 
what caſes the compounds of three or more ſubſtances 
take place. Sce Appendix. 
Mechanical No regular connection has been yet diſcovered be- 
Pe do not tween the ſolubility in water, the fuſibility, volatility, 


bodies do not 
follow the prog ſpecific gravity, and other obvious properties of the 


perties of their 

component component parts of bodies, and of the compounds 

2825 they produce. Hence it happens, in humid operations, 
that the inſoluble products will either fall to the bot- 
tom, or riſe to the ſurface, according to their weights. 
In ſome proceſſes, all the products will be thus ſepa, 
rated; and in others the whole will remain diſſolved. 
In the dry way likewiſe ſome products will riſe, others 
will become fluid, and others fixed, ſo as to require a 
ſtronger heat to fuſe them than before. 

Vrility of theſe Theſe ſeveral changes afford means to the chemiſt of 

— ſeparating bodies from each other. When two diffe- 
rent kinds of ſalt are diſſolved in water, it would be 
almoſt impoſſible to ſeparate them if they were both 
equally ſoluble; becauſe evaporation would leave both 
in a confuſed maſs. But where the one is more ſolu- 
ble than the other, the latter will begin to be ſeparated, 


and may be taken out at a period of the evaporation, at 
which 


CRYSTALLIZATION. 


which the whole of the former will remain ſuſpended. MIAT 


So likewiſe the advantages derived from the proceſſes 


of diſtillation, ſublimation, and other dry operations, ”.e 


are founded on theſe different properties of bodies. 


The parts of all bodies which take the ſolid ſtate Cryſtallization, 


are diſpoſed to arrange themſelves in ſuch a manner as 
to produce ſome regular geometrical figure in the ſolid. 
Thus ice, during its formation in water, or even in 
the open air, always aſſumes a regular figure, as far as 
circumſtances will permit. The ſame i is obſervable in 
the fixation of other fluids, and alſo in the ſepara- 
tion of bodies from their ſolvents, as ſalts from water. 
This property is called cryſtallization, and the regu- 
larly-figured bodies are called cryſtals. The figure of 
cryſtals is influenced by ſo many circumſtances—ſuch 
as the quickneſs of their formation, the temperature 
and agitation of the fluid, the preſence of light, and 
others—that little dependence can be placed on it as 
an indication of the compoſition of bodies; though the 
experienced operator will doubtleſs derive ſome ad- 
vantage by attending to it. 


The regular arrangement of parts in cryſtallization polarity of the 


is ſuppoſed by ſome to be the conſequence of a pro- 
perty in the particles of bodies, fimilar to polarity in 
magnetiſm. And indeed it ſeems ceaſonable to infer, 
that two compounded particles, coming together by 
attraction, undiſturbed by any other cauſe, ſhould dif- 
poſe themſelves ſo as to apply ſuch ſides of each 
together, as are occupied by principles the moſt at- 
tractive of each other. 


G BOOK 


mamma ————_——_——_—_—_—_——_—_—_—_—_—_— ———_ O_______ 


B O OK II. 


PARTICULAR CHEMISTRY. 


SECTION I. 


OF THE GENERAL PRINCIPLES OF 
BODIES, 


— —— — i 
CHAP. I. 


CONCERNING THE GENERAL DIVISION OF CHEMICAL 
PRINCIPLES. 


MON the various diviſions or arrangements PRINCIPLES 
of chemical principles, that which follows their ER hg 

reſpective degrees of ſimplicity muſt undoubtedly prove Arrangement. 

the moſt uſeful, becauſe the more compounded bodies 

will eaſily aſſume a regular order when their reſpective 

principles are known and properly claſſed. There is 

however a limit in the advantages that may be derived 

even from this method of diviſion. The more we 

ſucceed in ſimplifying the principles of bodies, the 

more difficult it is to determine truly what paſſes in 

62 chemical 
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PRINCIPLES Chemical operations; becauſe theſe principles, when 
voblks, in their moſt diſtinct ſtate, have the aerial form, and 
Arrangement. cannot therefore be managed or weighed without 
conſiderable difficulty. From this cauſe it is that, while 
we have no diſputes concerning the changes of combi- 
nation in groſſer and leſs ſimple ſubſtances, the moſt 
eminent chemiſts often differ in their opinions con- 
cerning the tranſitions of firſt principles from one com- 
bination to another; and are not agreed concerning 
the exiſtence of ſome of them. The peculiar proper- 
ties of bodies may be changed, either by the addition or 
ſubtraction of ſome of their component parts; and it 
is eaſy to form a notion that ſuch a change may alſo 
happen by a mere alteration in the diſpoſition or rela- 
tive arrangements of their parts, without any change in 
their quantities. To determine which of theſe events 
takes place, when we behold only the conſequent 
| change, is ſometimes impracticable, for want of a 
/ ſufficient number of facts; and in moſt caſes the com- 
| lete inveſtigation requires the unprejudiced and pa- 
tient exertion of all the powers of the mind. It will 
be proper therefore, in an elementary arrangement, to 
fix our attention chiefly on the moſt palpable compo- 
nent parts of bodies, which are ſufficiently ſimple z and 
where they are not the ſimpleſt, to ſpeak of their prin- 
ciples i in the analytical method. | 
Enumeration. The component parts of bodies are either, 
I. Principles whoſe exiſtence is doubtful : theſe are 
heat, light, and phlogiſton. 
2. Principles which have not been exhibited in a 
ſolid or fluid ſtate, or diſſolved in water, in any notable 
| | proportion: 
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proportion: theſe are vital air, phlogiſticated air, and yxNCIPLES 
?nflammable air. | or 9. 

3. Water. — 
4. Earths. 
5. Alkalis. 
6. Acids. 
7. Metals. 
8. Mineral combuſtibles. * 
9. Parts of organized ſubſtances, whether obtained 
by mechanical preſſure, by ſimple ſolution in water or ll 
ardent ſpirit, by a gentle or a ſtrong heat, by the ation ll 
of ſolvents, or by ſpontaneous decompoſition. 1 | | 
The only general diviſion of bodies at preſent refer- Animal, vege. | 
red to in the writings of modern chemiſts, is that by — — 2 
which they ate claſſed into three kingdoms, called the dms. 
animal, vegetable, and mineral kingdoms. The kind 
of bodies arranged in the two firſt kingdoms is obvious 
from the terms; and all other bodies are conſidered 
as belonging to the mineral kingdom. 
Alkalis, acids, and ſuch compounds as they enter Salt. 
into, are diſtinguiſhed generally by the name of ſalts. 
The leading character of ſalts is a ſtrong tendency to 
combination, there being no bodies in nature which 
are not acted upon by ſome ſaline ſubſtance; This 
tendency appears in their eminent degree of ſolubility 
in water. All bodies known only by the name of falts» 
are ſoluble in leſs than two hundred times their weight 
of boiling water. The fame cauſe produces their ſapi- 
dity, or taſte, which was regarded by the earlier chemiſts 
as a diſtinctive character of ſalts. 
Metals are ſometimes claſſed with combuſtible bo- 
—_ and, ſtrictly ſpeaking, they are combuſtible. But 
G 3 as 
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Cnr mnt 
Metals, 


PRINCIPLES OF BODIES. 


as none of them poſleſs this property in ſuch a degree 


as to burn away in the common air, without the co- 


operation of other inflamrhable bodies, which are ne- 


ceſſary to maintain their high temperature; and as 
they poſſeſs other remarkable properties peculiar to 
themſelves—they require to be placed in a ſeparate 
claſs. | | 


CHAP 
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CHAP. IL 


CONCERNING HEAT, LIGHT, AND PHLOGISTON, cox- 
SIDERED AS COMPONENT PARTS OF BODIES. 


IT has already been ſtated, that the exiſtence of heat, pousTrUL 
as a peculiar ſubſtance, is not proved; and, among ?*'XC1PLES. 
philoſophers of the firſt eminence, there are ſeveral who Hear. 
think the opinion that it is a mere modification, is the Ce * 21. 
moſt probable. With regard to light, the opinions of 
the world are leſs divided. It is generally taken for Light. 
granted that light is a ſubſtance, or an emanation of 
particles of prodigious minuteneſs, which are projected 
in right lines, with extreme velocity, from luminous 
bodies ; and that they are repelled from all bodies at 
certain diſtances, and at leſs diſtances attracted, ſo as 
to produce all the effects of reflection, refraction, and 
inflection, in the rays they compoſe. Theſe particles Newton's Op. 
are ſuppoſed to be either of various magnitudes, or —— 
differently acted on by other bodies, and from that 
cauſe to be ſeparable from each other; in which ſepa· 
rate ſtate they affect the organ of ſight with the ſenſa- 
tion of various colours. = 
Many philoſophical writers have conſidered it as an -Subtle Raid. 
axiom, that a body cannot act where it is not“; and 
have 


It may be obſerved that this poſition is very doubtful. All our 
knowledge is derived from an obſervation of the actions which take 
place between bodies. Now we never ſee bodies a& where they 
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1 


Light. 


Burning lens, 
or mirror. 


HEAT, LIGHT, AND 


pouBTFUL have thence inferred, that the univerſe is occupied by 
PRINCIPLES. 


—AEKA— 


a ſubtle fluid, whoſe action cauſes bodies to approach 
and recede from each other in the phenomena of at- 
traction and repulſion. Light is conſidered by ſome 
authors * as a modification of this fluid, in the ſame 
manner as ſound is admitted to confiſt in an undula- 
tory motion of the air, communicated from ſonorous 
bodies. We ſhall not here examine the merits of this 
queſtion, but ſhall only obſerve, that no deciſive ex- 
periments have yet been offered in ſupport of either 
opinion. | 

When a great number of rays of light are made, 
either by a burning glaſs or concave ſpeculum, to paſs 
through a ſmall ſpace, they excite a moſt powerful heat 
in bodies placed in the focus. The ſtrongeſt heat yet 
known is of this kind. The heat produced in bodies 
by the action of light, is in general greater, the more 


| light is cauſed to diſappear. Bodies which either tranſ- 


mit or refleQ the light in large quantities, are very little 
heated by the focus of a burning apparatus. Similar 
coatings of black paint, the one upon a plate of iron, 
and the other upon a plate of paſteboard, being expoſed 
in circumſtances perfectly ſimilar to the ſun's rays, the 
heat produced was greater in the iron, though the maſs 


are, but always where they are not. In attraction and repulſion 
this is evident; and in impulſe, there are the beſt reaſons to conclude 
that the impelling body approaches within a certain diſtance of the 
impelled body, and then acts by its repulſive force without contact - 
Even the particles of bodies do net touch ; for, if they did, how could 
a diminution of temperature bring them nearer together ? Of the 
penetrability of matter we need not ſpeak in this place, 
Of theſe the great Euler ſtands firſt, See his Letters to a Ger. 
man Princeſs, | 
7 25 of 
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of this laſt was near ten times that of the paſteboard &. bort 
It has been often aſſerted, that heat and light are the Witts, 
ſame thing. But the light of a fire will paſs thrqugh a 7 ba _ heat 
pane of glaſs, and the heat will remain behind, as is moſt © 

evidently ſhewn by interpoſing the glaſs between the 

fire and a concave metallic mirror}. The focus of the 

mirror, though as luminous as before, will produce nq 

heat. A bright table-ſpoon may be uſed where a mirror F 
is not at hand. 'The preſence of light has a conſiderable 
eſtect upon the proceſs of cryſtallization; and in many 
inſtances it produces a change in bodies of an oppoſite 
nature to that which they ſuffer from combuſtion. 
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During the combuſtion of inflammable bodies, we Phlogiſton. 
perceive a continual eſcape of volatile matter; and as 
the fixed reſidue is uſually found to be much leſs than 
the original weight of the body which has been þurned, 
it was natural for the earlier chemiſts, who were unac- 
quainted with the nature and quantity of the volatile 
products, to infer that combultion conſiſted in the eſcape 
of ſome principle which inflammable bodies poſſeſſed, 
but which was wanting in ſuch as could not be burned. 
This doctrine has been occaſionally modified till our 
time; and the experiments made by expoſing to heat 
a metal that had been burned, together with another 
more inflammable body, in a cloſed veſſel, in which the 
latter was conſumed, while the former recovered its 
inflammability, were, till lately, received as undoubted 
proofs that the principle of inflammability or phlogiſton 


Dr, George Fordyce, in Phil. Tranſ. Vol, Ixxvii. p. 313- 
+ Scheele on Air and Fire, p. 70. Eagliſh tranſlation. Mari 
otte in Mem, Acad. Par. 1682. 
had 


go 


PRINCIPLE OF INFLAMMABILITY, 


pousTFUL had paſſed from the one body to the other. It was 
© BLAINE indeed urged as an objection, that metallic bodies, fo 


Phlogiſton. 


Page 33. 


far from loſing weight by calcination, do really become 
heavier: and later experiments ſnhewed that this increaſe 
of weight was gained from the air; the abſolute neceſ- 
ſity of whoſe preſence in combuſtion had been formerly 
either overlooked, or ſlightly regarded. But this was 
explained from the doctrine of affinity, by the ſuppo- 
ſition that the pure air of the atmoſphere, combinin 
with the baſe of the combuſtible body, ſet its phlogiſt 

or fire, at liberty. The modern doctrine of heat how- 
ever appears to ſhew, that the increaſe of temperature 
ariſes ſrom the air, and not from the combuſtible body; 
and this conſideration has led feveral eminent French 


chemiſts to reject phlogiſton altogether“, and to conſi- 


der the proceſs of combuſtion as nothing elſe but the 
act of combination of vital air with the combuſtible 
body; the matter of heat, which according to them 
is combined with the air, being ſet at liberty. 
Among the chemiſts who maintained the old opi- 
nion it became therefore an object of enquiry, whe- 
ther the air abſorbed in combuſtion really either ex- 
pels, or combines with, any principle common to all 
inflammable bodies. For if this ſhould be reſolved in 
the affirmative, the ſubſtance found would be the 


# This doctrine may be ſeen diſplayed at length in the notes an- 
nexed to Kirwan's Eſſay on Phlogiſton, ſecond edition, M. Lavoi- 
ſier is the firſt of the chemiſts who explained and illuſtrated the 
new doctrine by a ſet of accurate experiments, and a judicious 
arrangement of the known facts: but M. Bayen may be conſidered as 
the firſt modern who, upon rational grounds, rejected the phlogiſton. 
The excellent ohn Mayo is the father of this docti ine. 
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principle of inflammability or phlogiſton. The evident vo uxrrur 
way to determine this muſt be, to heat combuſtible **'X CP RES 
bodies in cloſed veſſels. The moſt predominant vola- Phlogiſton. 
tile product is, in theſe caſes, found to be a very light, 
aerial matter, which is very inflammable when com- 
mon air is preſent; and is known by the name of in- 
flammable air. Mr. Kirwan firſt announced this as 
. the phlogiſton. 

The great queſtion now is, whether inflammable Queſtion, 
air be contained in all combuſtible bodies, ſince they 
do not all emit it by mere heat; and it is evident that, 
if combuſtion can be effected without it in any one 
inſtance, it cannot be the indiſpenſable and univerſal 
principle of inflammability. Its exiſtence is denied in 
ſulphur, phoſphorus, charcoal, metals, and ſome other 
ſubſtances. It may however be obtained by heating. 
theſe, if water be preſent: whether it is afforded by 
the ſubſtance under examination, or by the water, is 
therefore the ſubjeCt of controverſy. 

We may reſume this ſubject as we advance; but 
enough has been ſaid in this chapter to ſnew the learner 
that the exiſtence of heat, light, and phlogiſton, as 
chemical principles of bodies, is not yet incontroverti- 
bly eſtabliſhed. | 
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CHAP. III. 


or PHLOGISTICATED, DEPHLOGISTICATED OR VITAL, 
AND INFLAMMABLE AIR, AND OF THE 
COMPOSITION AND GENERAL PRO- 
PERTIES OF WATER. 


COMBUS=- HENEVER combuſtion, or an equiyalert: 
l 5 proeeſs, is carried on in a veſfel containing 
3 atmoſpherical air, which is incloſed either by inverting 
Page 30. the veſſel over mercury, or by ſtopping its aperture 
in a proper manner, it is found that the proceſs 

ceaſes after a certain time; and that the remain- 

ing air, which is about three-fourths of the whole 

bulk, is of ſuch a nature, as to be incapable of main- 

taining combuſtion, or ſupporting the life of animals. 

—— — com- From this experiment it is clear that one of the fol- 
common air. lowing deductions muſt be true: 1. The combuſtible 
body has emitted ſome principle which, by combining 
with the air, has rendered it unfit for the purpoſe of 
combuſtion: Or, 2. It has abforbed part of the air, 

which was fit for that purpoſe, and has left a reſidue 

which is of a different nature: Or, 3. Both events have 

happened ; namely, that the pure part of the air has 
been abſorbed, and a principle has been emitted which 

has changed the original properties of the remainder. 

Obſervations, The facts muſt clear up theſe theories. The firſt 
cannot be altogether true, becauſe the reſidual air is 

not only of leſs bulk, but of leſs ſpecific gravity, and 


the burned body is heavier than before. The air 
ninth cannot 
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cannot therefore have received ſo much as it has loſt, coMaus- 
The ſecond is the doctrine of the philoſophers who © , 
deny the exiſtence of phlogiſton, or a principle of in- Opinions. 
flammability. And the third muſt be adopted by thoſe 
who maintain that ſuch a principle eſcapes from bodies 
during combuſtion. This reſidue was called phlogiſti- 
cated air, in conſequence of ſuch an opinion. 

In the opinion that inflammable air is the phlogiſton, Phlogiſtog, 
it is not neceſſary to reject the ſecond deduction. For 
the pure or vital part of the air may unite with inflam- 
mable air, ſuppoſed to be in a fixed ſtate in the com- 
buſtible body; and if the product of this union remain 
fixed, it is plain that the reſidue of the air after com- 
buſtion will be the ſame as it would have been if the 
vital part had been abſorbed by any other fixed body, 
Or if the vital air be abſorbed while the inflammable 
air is diſengaged, and unites with the acrial refidue, 
this reſidue will not be heavier than before, unleſs the 
inflammable air it has gained exceeds. in weight the 
vital air it has loſt, . | 

It is rendered more probable that the air of the at- Compogtion - 

moſphere conſiſts of a mixture of a vital and a noxious -——_ 
part, by the fact, that, when fixed bodies have been 
burned or calcined (for example, mercury converted 
into precipitate per ſe), the vital air may be again ex- 
tricated from ſome of them. This is found to maintain 
combuſtion in the moſt effectual manner, and is almoſt 
totally abſorbed in that proceſs, initead of leaving a 
reſidue ſuppoſed to be changed by phlogiſtication. 
And, on the other hand, there is no unequivocal proof 
that vital air can be obtained from the phlogiſticated 


part by any operation whatever. 


Vital 
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which afford 
vital air. 


Reſpiration is 
a proceſs of 

the ſame kind 
as combuſtion. 


Vegetables af. 
Ic the air. 
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Nitrous air 
uſed as a teſt, 
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Subſtances 


VITAL AIR. NITROUS AIR. 


Vital air may be obtained by heat from nitre, from 
alum, from mercury calcined without addition, and uſu- 
ally called precipitate per ſe ; from red precipitate, from 
minium, from manganeſe, and from lapis calaminaris. 
Moſt nitrous and vitriolic ſalts afford it by heat. It is 
contained in the bladders of ſea-weed, and in waters. 
The green vegetable matter formed in water emits it 
when expoſed to the ſun's light; and it is found in ge- 
neral that the leaves of plants, in like circumſtances, 
emit vital air. Whence it appears that there are abun- 
dant proviſions for reſtoring the purity of the air, which 
is continually injured by combuſtion, reſpiration, fer- 


mentation, and other proceſſes. 


The reſpiration of animals produces the ſame effect 
on air as combuſtion does; and their conſtant heat 
appears to be an effect of the ſame nature. When an 
animal is included in a limited quantity of atmoſphe- 
rical air, it dies as ſoon as the air is vitiated. Vital air, 
in like circumſtances, maintains the life of animals 
much longer than common air, 

Vegetables do not thrive in vital air. Theſe ap- 
pear to render common air purer, by abſorbing jts 
phlogiſticated or noxious part. They emit vital air 
when the ſun ſhines on them. This is ſuppoſed to 
ariſe from the decompoſition of water. 

Several of the metals, and other combuſtible ſub- 
ſtances, when diſſolved in ſpirit of nitre, afford or ex- 
tricate, by an efferveſcence, a kind of air called nitrous 
air, of which we ſhall more particularly ſpeak in its 
place. Mercury is one of theſe metals. If this air 
be mixed with any other air in which vital air is con- 
tained, it unites with this laſt, and forms red fumes, 

5 which 
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INFLAMMABLE AIR. 


which fall down, and are found to conſiſt of nitrous 


acid. The air itſelf is diminiſhed in bulk by the loſs z MAPLE Als 


and hence the nitrous air becomes a teſt of the good- 
neſs of reſpirable air. For the diminution is greater 
the greater the quantity of vital air. 

All animal or vegetable ſubſtances which can be 
burned in the open air, charcoal excepted, will afford ; 
inflammable air, if heated in cloſed veſſels. This is 
uſually mixed with air of other kinds, and with olea- 
ginaus matter, Charcoal and ſeveral metals afford 
inflammable air by heat, if water be preſent. Some 
metallic ſubſtances, during their ſolution in acids, af- 
ford or extricate inflammable air, which is of the pureſt 
kind. This fluid is very light, according to its purity. 
It is uſually about ten times as light as an equal bulk 
of common air; but it is ſaid to have been obtained 
ſeventeen times lighter *. The common proceſs for 
obtaining it is, to diſſolve iron filings or ſhavings in 
diluted vitriolic acid. 

If a mixture of about two parts, by meaſure, of 
inflammable air, with one of vital air, be fet on fire, 


in a ſtrong cloſed veſſel, which may be done by the — 


electric ſpark, the airs, if pure, will almoſt totally 
diſappear, and the product will be water and an acid. 
Till lately, the produce was thought to be mere 
water; and ſeveral eminent chemiſts at Paris have 


ſtrongly inſiſted that it was equal in weight to the 


two airs made uſe of. This agreement however 
has never been proved +3 and, as every kind of air 


uſually 
* By Morveau. See the Aeroſtat de Dijon. 
+ When we conſider the great bulk and ſmall weight of air, 


the magnitude of the apparatus, and the imperfection of the beſt. 
balances, 
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WATER. 


uſually holds a large proportion of water in ſolution, 


from which the aqueous product might be derived, it 
ſtill remains a problem to be decided, whether water, 
with reſpe to the preſent ſtate of our knowledge, be 
a ſimple or a compound ſubſtance. For the water may 
either be formed by the union of the two airs, or the 
real airs may be totally employed in forming the acid, 
while the water is ſimply condenſed upon their loſing 
the aerial form. 

Water is a ſubſtance which enters into ſo many ope- 
rations of nature and art, that a full deſcription of its 
properties would include moſt of the properties of other 
bodies. Its weight is uſed as the meaſure of ſpecific 
gravity z its capacity for heat is aſſumed as the ſtandard 
of compariſon for other bodies; its temperature at the 
changes from ſolidity to fluidity and to the elaſtic ſtate, 
is taken as the fixed points for thermometers ; and, 
in a word, the ſolubility of bodies denotes, in general, 
the action which this ſubſtance exerts upon them. 

Water being uſually met with in theſe climates in 
the fluid ſtate, its properties are in moſt caſes treated 
of under that form. If it be heated it gradually ex- 
pands, and is converted into vapour at 2129. of Fahren- 
heit, with ſuch rapidity as to counteract. the effect of 
heat in railing its temperature. In a ſtrong cloſed me- 


tallic veſſel it may be heated nearly red hot, and in 


balances, none of which in practice weigh beyond five places of 
figures (p. 67—69), we ſhall find ſufficient reaſons to queſtion the 
accuracy of concluſions, which ſuppoſe the quantities of air and wa- 
ter to be rigorouſly aſcertained, Theſe reaſons are ſtill more en- 
forced by the conſideration, that the experiments of Dr, Prieſtley 
and M. Lavoifier do not agree, ; 


this 
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WATER, 


this ſtate its ſolvent powers are greatly increaſed. If warts. 


the veſſel be opened, ſteam fuddenly ruſhes out, and 


General pro- 


the temperature of the fluid falls inſtantly to 2129. perties of 


When water is cooled, it gradually contracts till within 8 
of freezing, and then expands till it freezes. The parts 
of the water which firſt become ſolid by freezing, have 
the form of ſword-blades, croſling each other at angles 
of 60 degrees. It will ſhoot out into this form in the 
open air, as may be ſeen in ſnow or hoar froſt upon trees. 
lee is conſiderably lighter than water, and therefore 
floats upon it. The expanſion of ice at the time of 
its formation is made with ſuch force as to burſt the 
ſtrongeſt metallic veſſels: and the expanſion of ſteam 
is prodigiouſly great. This laſt power, being very 
manageable, by transferring greater or leſs quantities 
of ſteam into the vſſels of apparatus, or by condenſing 
it, has been applied to the moſt important mechanical 
uſes in the ſteam engine, and will doubtleſs be applied 
to many more. 


When water is included in a metallic globe or veſſel, Effects of the 
eolipile. 


called the eolipile, which has only a very ſmall aper- 
ture, and it is then made to boil, the ſteam iſſues out 
very violently, and will ſtrongly urge a ſire in the ſame 
manner as bellows. This has been thought to prove 
a decompoſition of the water. But it is not the ſteam 
which excites the fire, but the air it drives before it. 
For an eolipile will not produce this, but the contrary 
elect, unleſs a body of air be interpoſed between its 
aperture and the fire *, : 


o Water, 


Ice. 


The denſity of water r is ſuch that a cubic foot Denſity of 


* Lewis's Philoſophical Commerce of Arts, p. 21. 
+ This was fond by Cotes, who ſays it is very nearly ſo. See 
his Hy droſtatical Lectures, p. 76, ſecond edition. 


2» weighs 


water 
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WATER. weighs 1000 ounces avoirdupois weight. This fortu- 
nate concurrence of unity of meaſure with a round 
number in the weight, renders: the common tables of 

Specific gravity ſpecific gravities very uſeful in computations. For the 

* numbers will denote the avoirdupois ounces in a 
cubic foot of each ſubſtance, provided the ſpeciſic 
gravity of water be taken to be 1000. 

What waters The pureſt common waters are the lighteſt, and 

— lather well with ſoap. For chemical purpoſes, water 
ſhould be boiled on a common fire for a ſhort time, to 
diſſipate any volatile animal or vegetable impregnation 
it may poſſeſs, and afterwards diſtilled to about one 
half. The water which comes over is very pure, and 
the accurate chemiſt ſnould uſe no other. On account - 


of the extenſive uſe and importance of diſtilled water, yr 
it is adviſable not to perform this operation but with 3 


veſſels kept for that and no other purpoſe. 
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CHAP. IV. 


er THE SIMPLE OR PRIMITIVE EARTHS» 
QT 


HEMISTS diſtinguiſu ſuch ſubſtances by the +,zrus. 
name of pure earth, as are brittle, incombuſtible, @—@uY—— 
infuſible by the heat of furnaces, not ſoluble in ſeveral 
kundred times their weight of water, and deſtitute of 
metallic fplendour. There are few earthy ſubſtances 
which may not be reduced by analyſis to one of the 
five following primitive earths :—the filiceous, argilla- Five primitive 
ceous, calcareous, ponderous, and magneſian carths ; 
or otherwiſe, taken ſubſtantively, they are called ſilex, 
clay, lime, barytes, and magneſia. 
The adamantine ſpar, the jargon of Ceylon, and a New earths, 
mineral ſubſtance from New South Wales, have affard- 
ed earthy ſubſtances which, as far as experiments have 
yet determined, are different from any of theſe five, 
But they will not materially affect the general arrange- 
ment of chemiſtry, until future reſearches ſhall haye 
proved that they are more abundantly found than at 
preſent we have reaſon to ſuſpect. | 
In ſome ſyſtems a diſtinction is made between earthgStones. 
and ſtones z but this is of no utility in the enquiry 
reſpecting their component parts and properties. A 
ſtone is nothing more than a hard earthy maſs, and 
an earth in powder is an aggregate of very minute 
ſtones. 5 
Siliceous earth abounds in all natural bodies which Siliceous earck. 


are hard enough to ſtrike fire with ſteel. Of theſe 
| H 2 : 2 
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Liquor of flints. 


Pure fliceous 
ca th. 


SILICEOUS EAR Ti. 


rock cryſtal, quartz, flint, gritſtone, jaſper, and moſt 
of the precious ſtones or gems, are the chief ſpecimens, 
Like all other ſimple ſubſtances, it is never found pure 
in nature. The leading or principal character of this 
earth is, that it is not perceptibly acted upon by any 
acid but that of fluor ſpar. Alkalis diſſolve it in the 
moiſt as well as in the dry way, but moſt efficacioully 
and in all proportions in the latter. Hence the method 


of obtaining ſiliceous earth in a ſtate of purity confiits” 


in diſſolving cryſtal or quartz in a large proportion of 
fixed alkali in ſtrong fuſion : for example, four parts 
by weight of the ſalt to one of the carth. This com- 
bination will unite with water, in which it muſt be 
diſſolved. The ſolution is uſually called liquor of 
flints. An exceſs of acid being added, will combine 
with the alkali, and ſuch other earths as may have ex- 
iſted in the natural ſpecimen ; and the pure ſiliceous 
ezrthgþeing inſoluble in water, will fall to the bottom. 


' Repeated waſhing in diſtilled water will ſeparate all 


the extraneous matter from theſe particles, which, 
when dried, conſiſt of filiceous earth uncombined with 
any other ſubſtance. | | 

The particles of ſiliceous earth, thus obtained, are 
in a tate of ſuch minute diviſion, that they will remain 
ſuſpended for a conſiderable time in water; and this 
fluid, violently heated in a ſtrong cloſed veſſel, will diſ- 
ſolve a portion of it. Siliceous earth is unalterable in 
the moſt violent heats chemiſtry can produce in a fur- 
nace. Rock cryſtal, which is the pureſt ſpecimen of 
this earth, of which it contains ninety three parts in the 
hundred, has been f ated by flame urged upon it by a 
ſtream of deplitogiſticated air from a blow- pipe. With 


fixed 


SILICEOUS EARTH. 
* * 


fixed alkalis, in the proportion of about double its'own EArTHSs. 


weight, it forms glaſs. Calcined metals, eſpecially lead, 


alſo diſſolve it, and form glaſs by fuſion. The combi- 


nation of this earth with fluor acid is very ſparingly 
ſoluble in water. | 


The principal natural ſpecimens of argillaceous earth Argillaceous 
are, clays, properly ſo called, marles, boles, flates or 


ſchiſtus, and mica. In none of theſe, except the flag- 
ſtone, does the argillaceous earth amount to ſo much as 
half their weight, though their predominating qualities 
appear to depend, upon it. I he moſt obvious charac- 
ters of this earth are, an adheſion to the tongue, or 
any wet and ſoft body, in the more ſolid ſpecimens ; and 
a remarkable tenacity, ductility, or kneadability ſerve to 
diſtinguiſh moiſtened clays in a moſt eminent degree. 
It is ſoluble in acids, but alkalis act much leſs upon it, 


either in the dry or moiſt way, than they do on filice- Earth of alum, 


ous earth. Alum is a combination of argillaceous earti 
with vitriolic acid. If the concrete volatile alkali be 
added to a ſolution of pure alum, the alkali and acid 
unite, while the clay falls to the bottom, united only 
with a ſmall quantity of fixed air. The fluid muſt be 
abſtracted by decantation, and the precipitate waſhed 
with diſtilled water, and dried. 


Clays may be eaſily diffuſed and ſuſpended in water, Commoa clas. 


but are not ſoluble in any ſenſible degree. The ſud- 
den application of ſtrong heat hardens their external 
parts, which afterwards burſt by the exploſion of the 


moiſture within. By a more gradual heat, pure clay 


contracts very much, becomes hard and full of cracks 
or fiſſures. The preſence of ſiliceous earth in common 
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rarTns. Clays, where it uſually conſlitutes above half the weight, 
xenders the contraction more uniform throughout, and 
prevents the cracks, probably in no other way than by 
rendering them more numerous, and too ſmall to be 
Pottery. perceived. When thus baked, it conſtitutes all the 
varieties of bricks, pottery, and porcelain. Theſe, if 
baked in a ſtrong heat, give ſire with ſteel 3 a property 
that may be attributed to the ſiliceous earth they con- 

tain, which cannot act on the ſteel unleſs firmly ſet in 
the hardcn:d clay. The dimenſions of pottery are leſs, 
the greater the heat to which the article has been ſub- 
Thermometer jected. On this property is conſtructed a thermometer 
tor ſtrong heat. for meaſuring tlie heat of furnaces, by igniting a ſmall 
brick of known dimenſions therein, and afterwards 
meafurmy its contraction . Baked clay is no longer 
kneadable with water, though as finely pulverized as 

mechanical means can go. Hence it has been inferred. 

that clays owe their ductility to a kind of gluten which | 

is ſuppoſed to be diſſipated by heat. They recover | 

that property however by ſolution in an acid and preci- 

pitation ; whence it ſhould ſeem to depend cither on a | 

minute portion of acid contained in clays, or the fmall- 

nels of the particles when precipitated. 


Catcareoas Calcareous earth, or lime, predominates in moſt 
earth : . 
ſtones which are ſoft enough to be ſeratched with a 
knife. Theſe are chalk, limeſtone, marble, fpars, gyp- 
fum, or plaſter ſtone, and various others. As the lime | 
is moſt frequently combined with fixed air, it is uſual 
for mineraliſts to drop a ſmall quantity of nitrous acid 


* See Wedgwood in Phil. Tranſ. vol. Ixxli. and xxiv. | 
upon 


* 


| CALCAREOUS EARTH. 


upon the ſtones they are deſirous of elaſſing; and if it zazxras. 


froths by the eſcape of the fixed air, they conclude that 


lime enters into the compoſition. To obtain pure cal- Method of ob- 
taining it pure. 


careous earth, powdered chalk muſt be repeatedly 
boiled in water, which will deprive it of the ſaline 
impurities it frequently contains. It muſt then be 
diſſolved in diſtilled vinegar, and precipitated by the 
addition of concrete volatile alkali. The precipitate, 
when well waſhed and dried, will conſiſt of lime united 
to fixed air; the latter of which may be driven off, by 
heat, if neceſſary. 


If chalk, marble, limeſtone, ſpar, or any other ſpe- Lime,orquicks 


cimens of this earth, containing fixed air, be expoſed 
to continued ignition, they give out fixed air and 
water, to the amount of near half their weight. The 
remainder, conſiſting chiefly of lime, has a ſtrong ten- 
dency to combination, and attracts water very power 


fully. The addition of water to lime produces a very Slaked lime. 


conſiderable heat, attended with noiſe, and agitation 
of the parts, which break aſunder ; and a phoſphoric 


light is ſeen if the experiment be made in the dark. 


Lime thus ſaturated with water is ſaid to be ſlaked. 
Water diſſolves about one ſeven hundredth part of its 
weight of lime, and is then called lime-water. This 
ſolution has an acrid taſte, and turns ſyrup of violets to 
a green colour. If lime-water be expoſed to the open 
air, the lime attracts fixed air, and is by that means 
converted into chalk; which, not being ſoluble in water, 
forms a cruſt on the ſurface, formerly called cream of 
lime, that, when of a certain thickneſs, breaks and falls 
to the bottom: and in this way the whole of the lime 


will in time be ſeparated. 
H 4 The 
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The paſte of lime and water, called mortar, has 4 
degree of adhefion and ductility, though much leſs 
than clay, When dry, it is friable like chalk, A mix- 
ture of ſand, or broken earthen veſſels, greatly in- 
creaſes its firmneſs, which it ſeems to effect by ren- 
dering it more difficult for the parts to be removed 
with reſpect to each other. When mortar is left to 
dry by the gradual evaporation of its ſuperfluous water, 


it is very long before it obtains its utmoſt degree of 


Gvpſum, or 


plaſter of Paris. 


firmneſs. But if dry quick- lime be mixed with mor- 
tar, it gradually abſorbs tlie ſuperfluous water, and the 
maſs becomes ſolid in a very ſhort time. 

Gypſum, or plaſter of Paris, conſiſts of lime united 
to the vitriolic acid, together with water. If this ſub- 
ſtance be expoſed to a moderate heat, part of the water 
is driven off, The dry powder which remains may be 
mixed with water to the conſiſtence of thin paſte, and 
poured into a mould; and ſoon afterwards it ſuddenly 
becomes folid, at the ſame time that it is a little heated, 
and its bulk ſomewhat increaſed. This effect may 
be explained by obſerving that the particles of the 
gypſum are at ſirſt ſimply wetted by the water, in 
the ſame manner as happens with clay; and for that 
reaſon no other effect takes place, than the production 
of an imperfect degree of fluidity, from the motion of 
the parts among each other being facilitated : but 
when the water, by the gradual progreſs of the action 
between it and the dried gypſum, becomes combined 
in the ſame manner as before the calcination, it is ab- 


forbed, and enters into the compoſition of a ſolid body; 
the imperfeTt fluidity, ariſing from the preſence of un- 


combined water, diſappears, heat is developed, and the 
2 | whole 
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whole maſs takes the ſolid form. The uſe of this ma- xANT Es. 4 
terial for caſting ſmall ſtatues, medallions, and other — 
ornaments, is well known. 0 | 

The earth which enters into the compoſition of the Animal earth. i 
bones of animals and ſhells of fiſh is calcareous. In 
the former it is united with the phoſphoric acid, and 
in the latter with fixed air. 


—"_ . 
— 


Ponderous earth, or barytes, is not found very abun- Ponderous 
dantly, or in large continued maſſes, but chiefly in the * | 
vicinity of mines, or veins of metal. Its ſpecimens are | | 
either atrated ponderous ſpar, which has been found Ponderous ſpar, 
at Alſton Moor, in Cumberland“, and conſiderably ant omg WD 
reſembles alum, but is of a ſtriated texture: or vitri- 
olated ponderous earth, either in the form of a tranſ- 
parent ſpar or an opake earth; of a white, grey, or 
fawn colour ; frequently of no regular figure, but 
often in the peculiar figure of a number of ſmall convex 
lenſes ſet edgwiſe in a ground. The opake ſpecimens 
have been called marmor metallicum, on account of 
their great weight; but the Engliſh miners call it cawk. 
Moſt ſpecimens of this earth are above ſour times the 
weight of an equal bulk of water, which conſlitutes an 
obvious difference between this and calcareous earth, 
which is littte more than twice that weight : they are 


Cz” — — — Tr = _ 
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„ Analyſed by Dr. Withering. See Phil. Tranf, vol. Ixxiv. 
Mr. Watt, jun. in the third volume of the Mancheſter Memoirs, 
gives reaſons for concluding that this ſpecimen caine from che lead 
mine of Anglezark, near Chorley, in Lancaſhire, where it is plen- 
tifully found. He obſerves that this is the only mine in England 
which is known to afford it. It has alſo been found in the mides of 
$:rontion aud Dunglaſs, near Dumbarton, in Scotland. 

{carcely, 
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EarTHS» ſcarcely, if at all, ſoluble in water. The liver ſtone, 
. lapis hepaticus, contains about one third part of this 
To — pure earth. If ponderous ſpar be fuſed with about twice its 
earth, weight of fixed alkali, its acid will unite with this laſt, 

and form a ſalt, which may be waſhed off by water, 


the ponderous earth remaining behind in combination 


with fixed air. This may be deprived of its fixed air 


by a ſtrong heat, which converts it into a ſtate per- 
fectly reſembling. quick-lime in taſte, and exhibiting 


ſimilar phenomena with water. . 
Native aerated The natural aërated ponderous earth differs from 
d * . . 
N that produced by art, in the circumſtance that it con- 


tains no water; and to this it ſeems to be owing that it 

: does not loſe its fixed air by mere heat. 
This earth di- Though this earth reſembles lime in ſeveral reſpects, 
INE * yet its combinations differ from thoſe of the latter, 
both in weight, and ſo many other reſpects, as evi- 
dently ſhew that there is no reaſon to conſider them 
as one and the ſame ſubſtance. It is combinable with 


acids. 

ponderous From ſeveral properties in which ponderous earth 

1 — has been obſerved to reſemble metallic ſubſtances, it 
has been ſuſpected to be of that claſs: but this ſuſpi- 
cion has not yet been verified by experiment. 

Magnefia, Moſt of the native ſpecimens of magneſian earth 


are remarkable for a certain foapy or greaſy feel. Of 
theſe the moſt common are, ſteatites, of a greeniſh co- 
lour, and ſoſt enough to be ſcraped with the nail; ſoap 
rock; lapis ollaris, or Spaniſh chalk, of a yellow or 
whitiſh colour, but rarely black, rather harder than 
ftcatites, and fo caſily wrought and turned, that pots 

A 


ſo 
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dre made of it. Aſbeſtos, amianthus, and the Vene- EarTHs. 

tian and Muſcovy talc, are included in this genus. Fe 
The combination of vitriolic acid and magneſia is Epſom alt. 

very ſoluble in water, in which it remarkably differs 

from the combinations of the ſame acid with the cal- 

careous or ponderous earths. This compound is 

known by the name of Epſom ſalt, and is found in 

ſome waters; but is molt frequently obtained, for com- 

mercial purpoſes, from ſea water, after the common 

ſalt has been extracted by evaporation. If miid vola- Mild magneſia. 

tile alkali be added to a ſolution of Epſom ſalt, the 

alkali unites with the acid, and part of the earth falls 

to the bottom, combined with fixed air, which, when 

well waſhed, is mild magneſia. 


Mild magneſia is a light impalpable powder, of a Pure magnefia. 


white colour; and forms a paſte with water, which has 
not much coheſion. Heat drives off its fixed air, and 
renders it ſomewhat harſher to the feel; but not cauſtic, 
nor ſoluble in water, like lime. Its-taſte is very flight 
in either ſtate. The ſtrongeſt heat does not affect it, 
if pure. Acids diſſolve it, but alkalis ſcarcely affect it 
in the dry way. | 
As the various compounds of bodies uſually poſſeſs Union of earths 
properties very different from thoſe of their principles, ET 
it is accordingly found that the earths, though infuſible 
alone, are not ſo when mixed together. The calcare- 
ous earth is found to be the ſolvent of other earths, 
for they are all rendered ſuſible by a proper proportion 
of it. And theſe compounds of two earths will diſ- 
ſolve ſtill more. So that though one hundred parts 
of lime will diffolve very little filiceous earth; yer a 
compoſition of one hundred of lime with fifty of 
magneſia, 


— 


= — 2 - 
— — —— —— 


! 


—_ — 


—_— — 
_ 


ee ar ee Ee ct od ent wn. ng — ons ects or en 


8 


©, = 
> 


_ — Ck... oct — ' — 
* 


— 2 


108 


ADAMANTINE SPAR. 


i 


EarTHS. magneſia, will diſſolve one hundred of filiceous earth; 
, and this laſt compound will take up more 560 


Suppoſed re- 


duction ct the 


earils. 


The new 
earths. 


Characters of 
adamantine 
ſpar : 


than the mere calcareous earth could have done. Any 
three of the earths, in equal parts, will vitrify into a 
perfect glaſs, provided calcareous earth be one among 
them. 

It has lately been aſſerted, upon = bn that 
the argillaceous, calcareous, ponderous, and magneſian 
earths were reduced to the metallic ſtate by ſtrongly 
heating them with charcoal*. But however it may be 
probable from analogy that ſuch reductions may be 
within the limits of poſſibility, it is at preſent gene- 
rally underſtood that the metallic matter obtained in 


- theſe experiments conſiſted of iron afforded by the cru- 


cibles made uſe of. 

We ſhall frequently have occaſion to treat of the 
five ancient eartNs, as their various combinations pre- 
ſent themſelves to our notice: but the three lately 
diſcovered earthy ſubſtances not having been ſubjecled 
to experiments, except in the laboratories of the diſco- 
verers, will not again come under diſcuſſion in the pre- 
ſent work. On this account therefore it will be proper 
to ſpeak rather more fully reſpecting them than the 
preceding, and likewiſe to enter more minutely into 
the deſcription of proceſſes than we might otherwiſe 
do in this early part of our work. 

A ſtone has been within a few years brought 
from the Faſt, which has received the name of Ada- 
mantine Spar. Tuo varieties are known 4. The ſirſt 


® Journal >: Phyſ. 1790. 
+ Extratts from the Memoir of M. Klaproth. Annales de Chi. 


mie, i. 133. 
comes 
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comes from China; it is cryſtallized in ſix- ſided priſms, EAR Tus. 
without pyramids, varying in their length from half an China, 
inch to one inch, and in breadth near one inch; its 
colour is grey, of different ſhades. Whole pieces are 
opake, bur-thinner fragments are tranſparent : its tex- 
ture is ſparry, and it breaks with a poliſh, The ſparry 
texture produces a ſlight ſtriated appearance on its ſur- 
face : its hardneſs is ſo great, that it not only cuts glaſs 
like a diamond, bur it marks rock cryſtal, and other 
hard ſtones : its ſpecific gravity is 3.7 o, and in ſome ' 
ſpecimens as high as 4 180. Small grains of magnetic 
calx of iron are > ſometimes diſſeminated through this 
ſtone. 

The ſecond variety is whiter, more decidedly ſpathoſe from Bom- 
in its texture, and the grains of calx of iron are ſmaller, 225 
and merely adhere to its ſurface. It is called corun- 
dum at Bombay“. At Madras it is known by the 
name of grinding ſpar. 

M. Klaproth attempted the analyſis of this ſtone by Analyſis af 

adama:ting 

keeping it in fuſion with fiſteen times its weight of qr. 
cauſtic mineral alkali in a ſilver crucible for five hours; 
then adding. boiling water, filtering and ſaturating the 
alkali with an acid, which conſequently threw down 
that portion of earth which had combined with the 
alkali, The undecompoſed part was repeatedly di- 
geſted with concentrated boiling acids. 'The ſtone 
was not completely decompoſed till after twelve repe- 
titions of this proceſs; and it was found to conſiſt of 
two parts clay, ahd one of an earth not ſoluble by Peculiar earth. 
fuſion in alkalis, nor acted upon by acids. It differs 


Various ſpecimens have been found in France. See De Mor- 


veau in the Annales de Chimie, i. 288. 
4 C * ; there- 
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EARTHS. therefore from filiceous earth, as well as from the ſour 
— — other ſoluble carths. 
7 8 Ihe ſame chemiſt examined the jargon of Ceylon 
Ceylon. by proceſſes nearly ſimilar“. The colour of this ſtone 
is pale, of a yellowiſh green, inclining to red; form- 
ing upon the whole a kind of ſmoky grey tinge. Its 
regular figure is that of a four-fided priſm, terminated 
by two obtuſe pyramids, compoſed each of four iſoſceles 
triangles. Its ſpeciſic gravity exceeds that of any 
other ſtone, being 4.615. 

* Pieces of this itone being ignited, thrown into wa- 
ter to render it leſs coherent, and then levigated upon 
porphyry, were fuſed in the filver crucible, with a large 

proportion of cauſtic fixed alkali. The ſolution was 
treated with water and with marine acid, which took 
up a ſmall part, and left a reſidue, which was again 
fuſed with alkali, and treated as before. After ſeveral 
repetitions of this proceſs, the whole was diſſolved. 
By ſaturating the acid with mild vegetable alkali, the 
earthy, matter was thrown down. Digeſtion of part 
of this precipitate with marine, and part with vitriolic 


acids, indicated, after a due application of chemical 


methods, a conſiderable portion of ſiliceous earth, 
with a minute quantity of iron and nickel, and a 
much larger proportion of an earth which remained 
ſuſpended on account of its ſolubility in acids. This 
F<culiar earth. earth was found to differ in its properties from every 
other yet known: its ſolubility ſufſiciently diſtinguiſhes 
it from ſilex. When precipitated by mild alkali, it 
did not become efferveſcent, like lime or magnefia ; 


* See the Memoir at length in the Journal de Phyſique for 
March 1799- 


neither 


FARTH FROM NEW SOUTH WALES. 


neither did it, like them, form ſelenite or Epſom alt 


with vitriolic acid. It did not form alum with the 
vitriolic acid, as clay does. It differed eſſentially from 


ponderous earth, in its not being precipitable by the 


Pruſſian alkali; and in forming a ſalt with vitriolic . 


acid, which was exceedingly different from ponderous 
ſpar. This earth was not ſoluble either in microcoſmic 
ſalt, or in mineral alkali, when treated by the blow- 
pipe; but borax diſſolved it. The jargon was found 
to contain in the hundred parts 31+ filex, + calx of 
iron containing nickel, and 68 of this peculiar earth. 


A mineral from New South Wales was put into the Mineral from 


hands of Mr. Wedgwood by Sir J. Panks*. It con- 
ſiſted of a mixture of fine white ſand, a ſoft white earth, 
ſome colourleſs micaceous particles, and a' few black 
ones, reſembling black mica or black lead. Mr. Wedg- 
wood made ſome experiments upon it, but does not 
appear to have completely analyſed the maſs, moſt 
probably on account of its ſmall quantity. 


Neither the nitrous nor vitriolic acids, concentrated —ſubjeRed to 


or diluted, hot or cold, were found to take up any 
thing from this mineral which could be precipitated 
by alkalis; excepting that the ſtrong vitriolic acid, by 
due management, indicated a minute portion of clay. 
But the marine acid, by digeſtion near its boiling heat, 
ated on it with frequent exploſive burſts, and took 
up about one fifth of the whole. The crude mineral, 
pulveriſed and calcined, loſt its blackneſs, and one 
fourth of its weight, but was found to be as difficult 
of ſolution as before. Water added to the marine 


Wedgwood in the Philoſ. Tranſ. for 1790, page 306. 
ſolution, 
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White earthy 
matter, 


Marine ſolu- 
tion of the 


—fuſibility, 


white matter: 


EARTH FROM NEW SOUTH WALES. 


ſolution, threw down a- white precipitate ; and the 
ſeparation was ſo complete, that, aſter an addition of 


eight or nine times the whole bulk of water, there re- 


mained nothing in ſolution that alkali could precipitate. 
This white matter was infoluble in water, and alſo in 
the nitrous or vitriolic acids, and in alkaline ſolutions. 


Strong marine acid took it up as before, by the aſliſt. 


ance of the ſame degree of heat. A certain preciſe 
quantity of nitrous acid added to the marine ſolution, 
kept the white matter ſuſpended, even when diluted 
with water. Strong vitriolic acid did not throw down 
the white matter from the marine ſolution ; but when 
the quantity added was nearly equal to that of the ſo- 
lution, part of the marine acid was extricated in white 
fumes, with effzrveſcence. The mixture, heated nearly 
to bviling, becomes tranſparent, and continues fo in 
the cold. This ſolution is alſo precipitable by water, 
and the precipitate is ſoluble in marine acid. 

The faturated marine ſolution does not cryſtallize 
by evaporation, but affords a deliqueſcent maſs, which 
is not corrolive, and parts with its acid in an heat 
near ignition. Praſſian alkali does not precipitate the 
marine ſolution ; but all the alkalis, whether mild or 
cauſtic, occaſioned copious precipitations, which were 
ſoluble in matine acid, and thence precipitable by wa- 


ter in the original ſtate, 
This white precipitate 1s W I more ſuſible than 


any of the other ſimple earths. In a heat between 142 


and 156 degrees of Wedgwood's thermometer, which 
is nearly as high as is produced in a ſmall air furnace; 
it melted in contact with clay, with flint, with chalk, 
Will on with h magnefia, with pure ponderous earth, 
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and with ponderous ſpar, in ſeveral different experi- xAxrus. 


ments. In a hole ſcooped in chalk it ran into a 
ſmooth whitiſh opake bead, not at all adherent to the 
chalk itſelf; and in a cavity in charcoal it likewiſe 
fuſed, but did not ſeem 'to undergo any revivification. 


Part of this was ſoluble in boiling marine acid, and 


precipitable by water, as at firſt ; but an accident pre- 
vented the determination whether the whole was ſo- 


luble. 


It appears proper therefore to conſider the white Peculiar earth, 


matter as a new earth; directly ſoluble in no men- 
ſtruum but marine acid, or perhaps its compounds; 
not cryſtallizable in this combination; precipitable by 
water, and not by the Pruſſian alkali; parting with its 
acid in a heat below ignition; and fuſible in a degree 
of heat not very much exceeding that required to 
melt caſt iron. 


The black ſubſtance which ſeems to have compoſed other parts of 


about one-fifth part of the crude mineral, was foun 
to reſemble plumbago in its leading properties, but 
its reſidue did not appear to be iron, The remaining 
three-fifths of the mineral which reſiſted the humid 
attacks in Mr. Wedgwood's experiments, was probably 
filex z but he does not ſpeak of any direct examination 
of its properties by fuſion with alkalis, the ſparry acid, 
or otherwiſe. 


d the mineral. 


In the ſecond part of the Philoſophical Tranſactions New mineral 


for 1794, there is an account of a mineral ſubſtance 
called ſtrontionite, from the place Strontion in Scot- 
land, where it is found in granite rocks, accompanied 


by galena and witherite, by which laſt name I ſuppoſe 


I | Mr. 


from Strontion. 
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External cha- 
racters of 
ſtrontionite. 


Analy ſis of 


ſtrontionite by 


M. Schmeiſſer. 


STRONTIONITE. 


Mr. Schmeiſſer, the author of the analyſis, means the 
native atrated ponderous earth. 
In all the ſpecimens this author had ſeen he could 


not diſcover any regular cryſtallized figure. The ſpe- , 


cimen which he ſubmitted to experiment was in ſolid 


maſſes, apparently compoſed of long fibres, cloſely ad- 


hering together, and diſpoſed in radiations; its colour 
was an aſparagus green, deeper towards the center of 
the maſs. When broken, the ſurface was a little 
ſhining in certain directions; the ſragments rathey 
bar-like, and ſomewhat brittle. 

Some ſpecimens exhibit only light ſhades of this 
colour, and appear to be compoſed of long thin bars, 
which are often ſeparated from each other towards the 
extremity. 

The ſpecimen examined was ſemi-tranſparent ; but 
the moſt of it rather inclining to opake. A hard 
knife ſcratched it, but it could not be ſcraped. Its 
ſpecific gravity was 3-586 at 60 degrees of tempera- 
ture. | 

The firſt experiments, which pointed out a diſtinc- 
tion between the baſis of this ſtone and the ponder- 
ous earth of Scheele, were made, by Dr. Crawford's 
deſire, by his aſſiſtant Mr. Cruikſhank, and were after- 
wards repeated by himfelf. 'The account of theſe is 
inſerted in the ſecond volume of the Medical Com- 
munications, by reference to which Mr. Schmeiſſer 
very properly does juſtice to the original difcoverers. 

Mr. S. found, 1. That the powder of ſtrontionite 


was not acted on by boiling water: — 2. Nor by the 


vitriolic acid.— 3. But the nitrous and marine acids 
ſeverally 


a 
\ 
0 
r 


STRONTIONITE., 


diluted nitrous and marine ſolutions, threw down a 
white precipitate. 5. Before the blow-pipe, a piece 
of the ſtrontionite did not crackle nor ſplit aſunder, 
nor did it melt, even when expoſed to white heat; but 

diſcovered a very bright phoſphoreſcent light, be- 
came more brittle, loſt its greeniſh caſt, and then was 
partly ſoluble in water. A long continuance of the 
white heat deprived it of very little of its weight, 
and it ſtill efferveſced with acids. 6. With borax 
and with ſoda it melted with ebullition; but neither 
a blue nor a green colour was exhibited by fuſion 
with the former. 7. Fluid volatile alkali did not ex- 
tract any blue colour from the powdered ſubſtance, 
nor when added to the acid ſolutions. The ſolutions 
in the marine and nitrous acids were colourleſs. A 
piece of paper, dipped in the nitrous ſolution, burned 
with a ted flame. 8.. The Pruſſian alkali, added to a 
ſaturated ſolution, threw down a very light quantity 


of blue precipitate. 9g. Acid of ſugar, added to the 


diluted ſolution, afforded a very flight precipitate. 
10. The remaining liquid of the foregoing experi- 
ments was mixed with vitriolic acid until no more 
precipitate took place, after which the "remaining fil- 
tered liquor afforded no earth when purified pot-aſh 
was added to ſaturation. 11. The ſaturated nitrous 
ſolution afforded cryſtals by evaporation, which were 
permanent in the air, and exhibited triangular and 
ſexangular plates. 12. The ſaturated marine ſolution 
exhibited on evaporation long ſix- ſided priſms, which 

I 2 | have 
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ſeverally and entirely diſſolved it, with ſtrong effer- EARTHS. 


veſcence : the elaſtic fluid which eſcaped was pure 8 
fixed air. 4. Diluted vitriolic acid, added to the — of 


ſtrontionite. 
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EARTHsS. 


— uma 
Analyſis of 


ſtrontionite. 


Concſuſions 
from the ana- 
lyſis of ſtron- 
tio iite, 


STRONTIONITE. 


have the broad alternating with the narrow ſides, and 
terminate in obtuſe trihedral pyramids. This was ob- 
ſerved by Dr. Crawford, who alſo found that the ſalt 
formed of the ſubſtance with acids diſſolved in water 


produced five times more cold than the ſalt from 


the barytes in the ſame acid: that the ſalt formed by 
marine acid and this ſubſtance was much more ſoluble 
in warm water than in cold, whilſt the muriat of ba- 
rytes is nearly as ſoluble in cold as in warm water : 
that one ounce of diſtilled water diffolves three times 
as much of the muriat of ſtrontionite as of the muriat 
of barytes, which makes a diſtinction between the 
baſis of this ſubſtance and the barytes. 13. Nitrous 
acid added to the marine ſolution of ſtrontionite oc- 
caſioned a decompoſition: 14. The earth was procured 
in a diſtinct ſtate by ſolution in marine acid, precipita- 
tion by diluted vitriolic acid, ſubſequent drying and 
decompoſition by means of heat with purified pot- aih, 
waſhing with water, and calcination. The quantity of 
fixed air contained in this earth was then proportion- 
ally aſcertained by ſolution in acid. Mr. Schmeiſſer 
then found that a hundred grains of ſpecific vi- 
triolic acid, by which I ſuppoſe he means the par- 
ticular acid he made uſe of, required 133 grains 
of the pure earth for ſaturation ; but that 150 grains 
of pure ponderous carth were required for the ſame 
purpoſe : that 100 grains of nitrous acid required 94 
grains of this earth, but 120 grains of the ponderous 
earth for its ſaturation ; and that 100 grains of marine 
acid required 56 of this carth, but 96 of the ponderous. 

Hence Mr. Schmeiſſer concludes, 1. That the na- 


tive mineral contained no ſaline matter: — 2. That it 
contained 


STRONTIONITE. ] 


contained fixed air :—and 3, an earth ſimilar to the 
ponderous earth in its habitudes with the vitriolic 
acid. 4. No water of cryſtallization. 5. No cobalt 
nor copper. 6. A ſmall portion of iron. 7. Some 
calcareous earth. 8. No argillaceous nor magneſian 
earth: — and 9. That the earthy baſis is of a different 
nature from ponderous earth. | 

In order to aſcertain the quantity or proportion of 
component parts of this ſubſtance, he diſſolved 100 
grains in acid, which yielded 3o grains of fixed air. 
Half a grain of calcareous carth was precipitated by 
acid of ſugar, and the remaining ſolution yielded by 
decompoſition 68 grains of the peculiar earth which 
may be called Strontion earth. The remaining 
weight may be accounted for from the ſubſtance 
which gives it the colour, which from comparative 
experiments Mr. Schmeiſſer ſuppoſes to be phoſ- 
phorated iron and manganeſe. 
The ſubſtance with which it was accompanied was 
cryſtallized in ſix-ſided priſms, with pyramids, colour- 
leſs, ſemi-tranſparent, rather opake towards the baſis, 
and leſs hard than the other ſubſtance. By analyſis 
it was found to contain 70 grains-of ponderous earth, 
15 grains of fixed air, and 12 of calcareous carth, 
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ALKALIS, 


VV. 


or THE SIMPLER SALTS; NAMELY, ALKALIS AND 
ACIDS. , 


HE alkalis are three in number ; the vegetable, 

the mineral, and the volatile alkali. Of theſe 

the two former are diſtinguiſhed by the general ap- 
pellation of fixed alkalis. The general properties of 
fixed alkalis are—1, They change the blue ſyrup of 
violets to a green. 2. Their taſte is peculiar, and diſ- 
agreeably cauſtic, even when diluted with water. 
3. They have a ſtrong attraction for water, with 
which they unite in all proportions, and even attract 
it in ſufficient quantities from the atmoſphere to be- 
come fluid. 4. 'They combine with acids by a ſtronger 
affinity than is poſſeſſed by moſt other ſubſtances, at a 
moderate temperature. 5. Moſt inflammable ſub- 
ſtances are ated upon by them. 6. They melt in a 
moderate heat, and in a ſtronger heat they are vola- 
tilized. 7. In the dry way they diſſolye earths, and 
the calces of metals. | 
The vegetable fixed alkali is found in ſome ſalts 
which may be ſaid to be of the mineral kingdom; but 
it is obtained for all the purpoſes of trade and ſcience 


from vegetable matters. Of this there are ſeveral 


kinds, which differ only in the reſpective quantities 
and nature of the impurities they contain. The cen- 
dres gravelces is a ſtrong alkali, made by burning the 
huſks of grapes and wine-lees. Pot-aſh is procured 

. from 
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VEGETABLE ALKALTI. 


from wood-aſhes, and is very far from being pure. 
Moſt vegetables afford this alkali by burning them, 
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Methods of 


and mixing their aſhes with pure water; which, after procuring the 


decantation or filtering, may be evaporated, and will 4 
leave the ſalt behind. The pureſt is obtained by 
wrapping tartar in wetted brown paper, and placing 
the parcels in beds or ſtrata alternately with charcoal 
in a furnace. The whole is then to be ſet on fire, 
and the fire continued till the blackening ſmoke ceaſes 
to riſe. If the heat be too intenſe, the alkali will 
melt, and mix with the impurities of the coal; but 


—_ al- 


when the proceſs is well conducted, the parcels may 


be taken out entire. By lixiviation or ſolution in pure 
water, with ſubſequent filtration, evaporation, drying, 
and calcining in a low heat, the alkali is obtained very 
white, and contains a conſiderable portion of fixed air. 
This might be driven off by heat; but it is not neceſ- 
ſary to be done in that way, as it would be attended 
with ſome danger of the ſalt corroding the veſſel, and 
becoming leſs pure. The vegetable alkali is known in 
the ſhops by the name of ſalt of tartar; but moſt 
chemiſts in London ſell the i impure alkah of pot-aſh by 


this name. 


It is not eaſy to purify the common vegetable alka- Purifying of al- 


lis met with in trade, and it is ſeldom attempted. The 
chemiſt is not under any neceſſity to employ his time 


kalis, 


in procuring the alkalis abſolutely diſengaged from all 


other matter, as they will be equally uſeful if kept in 
combination either with fixed air or with water ; 
in which ſtates the quantities may be more aceu- 
rately aſcertained by weight when uſed, than if 


pure; becauſe their rapid attraction for water, in 
I'4 the 
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ALKALIS. the latter caſe, renders the weighing almoſt imprac- 
* ticable. 


Alkalis which contain fixed air, are called mild al- 
kalis. 


Alkali of nitre, For very nice purpoſes this alkali may be had from 


called fixed 
nitre. 


Purification of 


EKxed alkali, 


common 'nitre by deflagration. Nitre confiſts of the 
alkali united with an acid. If the fineſt prifmatic 
nitre be fuſed, and made red-hot in a crucible, and 
charcoal be then added by degrees, a moſt intenſe 
combuſtion takes place, during which the acid prin- 
ciple of the ſalt is diſſipated, and the alkali is left in 
combination only with fixed air. More charcoal muſt 
be added, as long as it continues to produce the vivid 
flame; and the heat mutt be raiſed towards the end, 
in order that the decompoſition of the laſt portions of 
the nitre may be more completely effected. This ſalt 
has been improperly called fixed nitre; but there is no 
difference between the pure ſpecimens of this alkali, 
whatever ſubject it may have been originally obtained 
from. | 

Fixed alkalis may be had in a ſtate of great purity 
by treatment with ardent ſpirit*. The alkali is firſt 
to be deprived of moſt of its fixed air by boiling, with 
about its own weight of quicklime, in twelve parts of 


Water; and the clear ſolution muſt then be evaporated 


till it begins to be ſlightly conſiſtent. It muſt then 
be mixed with the ſtrongeſt ardent ſpirit ; and part of 
the ſpirit may be drawn off by diſtillation. As ſoon 
as the retort has become cold, it is found to contain 
a ſolution of pure alkali in ardent ſpirit, which floats 


*  Berthollet, in the Journal de Phyſique for 1786, 
above 


MINERAL ALEKALI. 


above another aqueous fluid, containing that part of ALKALIS. 


the alkali in cryſtals which till retains its fixed air, 
and alſo the earthy or metallic impurities of the 
alkali. The ſpirituous ſolution being decanted off, 
and evaporated on a ſand bath, affords eryſtals of pure 
alkali in groups of quadrangular pyramids, which are 
very deliqueſcent, and ſoluble both in water and ardent 
ſpirit, with the production of cold. 


„ 


The vegetable alkali, in its uſual ſtate, deliqueſces on of tartar. 


in the air, and conſequently unites with water in all 
proportions. The ſtrong ſolution of this alkali is 
uſually called oil of tartar per deliquium. Its action 
on the ſkin produces a ſenſation or feel of greaſineſs, 
which has given occaſion to this appellation. But it 
may be had in permanent cryſtals, if TOP of fixed 
air be added to its ſolution. 


The mineral alkali in its obvious properties differs Mineral alkali. 


but little from the vegetable. Its attractions in gene- 
ral are leſs ſtrong, and the compounds it forms with 
other bodies are very different from thoſe produced 
with the vegetable alkali. It uſually contains enough 
of fixed air to render it much leſs attractive of water 
than ſalt of tartar. If the quantity of water containing 
ſalt of ſoda be diminiſhed to about two and a half times 
the weight of the ſalt; this laſt begins to ſeparate in 
cryſtals, which do not deliqueſce in the air, but become 
dry, and fall to powder, by the loſs of that portion of 
water which entered into the formation of the eryſ- 


tals. 


The water which enters into the formation of the Water of cryſ- 


cryſtals of any alt, is, called the water of cryſtalliza- 


tallization. 


tion; and ſuch ſalts as fall to powder by expoſure to EMoreſcence. 


the 


122 : MINERAL AL ALI. 


ALEALIS. the air, are ſaid to effloreſce: the pulverulent ſubſtance 
— — thus obtained is ſometimes called an effloreſcence. 
Abundance of Mineral alkali abounds in vaſt quantities in the wa- 
in len fat, ters of the ſea, where it forms half the weight of the 

common ſalt; and it is ſometimes found in other natural 
combinations, The effloreſcence, or ſaline matter, 
which hangs upon old damp walls, conſiſts of this ſalt 
united to fixed air and water; and in many places in 
Aſia and Africa it is collected at the ſurface of the 
earth. 
obtained by The mineral alkali in trade is obtained by burning 
emeration- certain plants which grow on the ſea ſhore. It con- 
tains ſeveral neutral ſalts in ſmall proportions, which. 
may be ſeparated by cryſtallization ; as the alkali, being 
the moſt ſoluble, remains ſuſpended in water longer 
than the reſt. Sea ſalt may be decompoſed, and 
its alkali obtained alone, but not ſufficiently cheap for 
Turner's pro- common uſes, Mr. Turner's proceſs is ſaid * to con- 
+ — fiſt in mixing a quantity of litharge (or calcined 
lead) with half its weight of common ſalt; which, after 
trituration with water till it aſſumes a white colour, is 
left to ſtand ſome hours: after which a decompoſition 
enſues, the alkali becoming diſengaged with water, 
while the acid unites with the metallic calx. This laſt, 
by a proper degree of heat, produces a fine greeniſh 
yellow pigment, the ſale of which is the chief object 
of the manufaCturer. | 

The fixed alkalis are ſtill conſidered as ſimple ſub- 
ſtances with regard to the preſent ſtate of our know- 
ledge, It is ſuſpected however that the fixed vegeta- 


+ Cronſtedt's Mineralogy, by Magellan, vol. i. p. 336. 
| ble 


SOAP, 


ſubſtance called phlogiſticated air ; and that the mine- 
ral alkali is compoſed of magneſia, united to the ſame 
ſubſtance. The reaſons for theſe ſuppoſitions are: 
* A ſmall quantity of common nitre is produced by 
expoſing waſhed chalk for ſome months to the exhala- 
tions of putrid animal ſubſtances. The repeated diſ- 
tillation of ſoap affords volatile alkali, and this con- 
tains phlogiſticated air. And a portion of magneſia 
has been obtained by repeated ſolutions and corn 
tions of mineral alkali. 
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ble alkali may conſiſt of lime in combination with the AtxALts. 


Fixed alkalis, deprived of the fixed air they may Cauſtic ſola- 


contain, by boiling them for a ſhort time with quick- 
lime, which has a ſtronger attraction to the air, and 
becomes converted into chalk by the proceſs, are then 
ſaid to be cauſtic, becauſe they act with ſuch energy 


as to corrode and deſtroy animal ſubſtances. Soap —or ſoap lees, 


lees is a ſolution of this kind; and the combination of 
a cauſtic alkali with fat, or oil, is well known by the 
name of ſoap. If one part of lime, and two of ſalt 
of ſoda, be. boiled in twelve parts of water for a ſhort 
time, and the filtered lixivium be evaporated till its 
ſpecific gravity be about 1.375, or, which is the ſame 
thing, till a phial which would contain an ounce of 
water would contain an ounce and three eighths of the 
ſolution; the ſoap may be made by mere mixture of 
this lye with olive oil, in the proportion of one part of 
the former with two of the latter, in a glaſs or ſtone- 
ware veſſel. This mixture, being beat up from time to 
time with a wooden ſpatula, ſoon becomes conſiſtent; 


* Thouvenel on Nitre. Chaptal's Elements of Chemiſtry, i. 
181. Eng. tranſl, and the authors by him cited. 4 
an 


* 
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CLASS, 


ALKALIS. and in ſeven or eight days it forms a very white and 


hard ſoap. 


Manufacture of In large manufaQtories the lye is made no ſtronger 


ſoap in the 
large way, 


than to float an egg, when the workmen begin to form 
the mixture. To a part of the lye diluted they add an 
equal quantity of oil, which is ſet on a gentle fire, and 
agitated, When the combination begins to take place, 
the reſt of the lye is added, and the whole digeſted by 
a gentle heat till the ſoap is formed. If well made, 


It is firm and white, and completely mixes with water, 


without exhibiting any greaſe on the ſurface. Trials 
are made of it during the boiling ; and the requiſite 
additions, either of oil or alkali, are made as circum- 


ſtances require, 


Manufaftureof That beautiful product of human induſtry, glaſs, 


glaſs, 


Difficulties, 


conſiſts of filiceous earth diſſolved in an alkali. For 
this purpoſe, nothing more is neceilary than to expoſe 
a proper mixture of ſand, flint, or cryſtal, and fixed 
alkali, to heat in a furnace till they are incorporated 


together by fuſion. Simple however as this proceſs 


may appear, it is by no means an eaſy operation to 
make a perfect glaſs. If the materials be impure, 
and contain either metallic particles, or ſuch as cannot 
be vitriſied, the glaſs will be coloured, or defaced with 
opake ſpecks. If the proportion of alkali exceed two 


parts to one of earth, the glaſs will be liable to altera- 


tion by the action of the air or ſaline ſubſtances, eſpe- 
cially acids. If the fuſion be not continued a ſuſſi- 
cient time, the glaſs will be imperfect for want of a 
ſuſhcient combination of the materials; and no means 
have yet been found to prevent the lower part of the 
pots of glaſs from containing a denſer glaſs than the 


5 upper, 


SAL AMMONIAC: 


upper, by the ſubſidence of the heavier materials; ALKALIS, 
a circumſtance which produces the appearance of 


threads or veins in the work, on account of the dif- 
ferent action of the ſeveral parts of the ſame glaſs on 
the rays of light. The management of the heat is 
alſo a material point ; for every increaſe of heat extri- 
cates bubbles of ſome elaſtic ſubſtance ; and if the glaſs 
be uſed during this efferveſcence, it will abound with 
little cavities which injure its tranſparency. The im- 
perfections of glaſs are moſt ſenſibly felt in the con- 
ſtruction of optical inſtruments, eſpecially thoſe which 
are called achromatic. | 

To prevent the ſwelling, at the firſt combination of 
the materials, they are previouſly mixed, and expoſed 
for a conſiderable time in a lower heat than is ſufficient 
to convert them into glaſs; by which management 
great part of the more volatile matters is diſſipated. 
This imperfect combination is called frit, and is aſter- 
wards fuſed by a ſtronger heat. Glaſs utenſils, unleſs 
very ſmall, require to be gradually cooled in an oven. 
This operation is called annealing ;z and is neceſſary to 
prevent their cracking by change of temperature, wip- 
ing, or ſlight accidental ſcratches. 


The volatile alkali is moſt commonly obtained from Manufacture of 
ſal ammoniac. This ſalt was formerly imported from fal ammoaiac. 


Egypt, where it is procured by ſublimation from ſoot 
produced by burning the dung of camels. It is now 
made in great plenty for the purpoſes of trade in Great- 
Britain. The component parts are volatile alkali, and 
the ſame acid as enters into the compoſition of ſea 
ſalt, and is called the marine acid. 'The volatile alkali 


is obtained in an impure liquid ſtate by the manufac- 
9 rurers, 


Fr it. 
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ALKALIS. turers, who diſtil it from bones, or ſoot, or any other, 

\——— ſubſtance that affords it. To this they add the vitri- 
olic acid, and alſo common ſalt, in due quantities, 

The vitriolic acid firſt combines with the volatile 

alkali; but when the common ſalt, which conſiſts of 

fixed mineral alkali and marine acid, is added, a change 

of the principles takes place by double elective attrac- 

tion. 'The vitriolic acid ſeizes the mineral alkali, and 

forms the new compound known by the name of 

Glauber's ſalt; while the marine acid unites with 

the volatile alkali, and forms ſal ammoniac. By eva- 

poration of the water, theſe ſalts are ſeparated by cry- 
ſtallization, and the ſal ammoniac is ſublimed into 

| cakes for ſale. | 

Volatile alkali: In order to diſengage the volatile alkali from fal 
ammoniac by diſtillation, it is neceſſary to add ſome 

fixed ſubſtance which ſhall combine with and prevent 
the marine acid from riſing. Chalk and flaked lime 

obtained by are the bodies commonly uſed, If a mixture of two 
-—— * parts of chalk, and one of fal amraoniac in powder, 
be expoſed to a ſand heat in a retort, with a receiver 

adapted, a change of principles by double affinity takes 

place. The chalk, which conſiſts of lime and fixed 

air, is decompoſed, and alſo the ſal ammoniac. The 

lime unites with the marine acid, and forms a fixed 

earthy ſalt, which remains in the retort ; and the fixed 

air unites with the volatile alkali, and paſſes into the 

receiver, where it appears in the form of a white hard 

ſalt of a pungent ſmell. This is the mild volatile 

alkali, or ſal volatile of the apothecaries and perfumers. 

It is well known as a ſtimulant uſually put into ſmell- 

ipg-bottles. 
5 When 
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When lime, or calcareous earth deprived of fixed ALKALIs. 
air, is made uſe of, the decompoſition takes place as — 2 
before; but the volatile product has a very different {be medium of 
appearance. It conſiſts, for the moſt part, of a perma- 
nently elaſtic or atrial fluid, which very readily com- 
bines with water, but may be confined in its elaſtic 
ſtate in veſſels over mercury, Moſt of this product 
was formerly loſt, becauſe no more of it was detained 
in the veſſels than had combined with the water which 
was driven over by heat from the materials in the re- 
tort. But by the uſe of an apparatus upon the prin- 
ciple of fig. 21, the air may be received and abſorbed 
by water, without that great loſs which muſt have 
ariſen ſrom the aerial fluid riſing long before the wa- 
ter, and the quantity of this laſt being inſufficient to 
retain it. | 

This permanently elaftic fluid is called alkaline air, Alkaline air. 
and conſiſts of the pure volatile alkali itſelf. If fixed 
air be addcd to it, a white cloud is formed, conſiſting 
of mild volatile alkali, which precipitatesz and the 
airs are either diminifhed or diſappear, according to 
their relative proportions to ſaturate each other, or 
their reſpective degrees of purity. With the marine 
acid air, hereafter to be treated of, which is the pure 
marine acid, it forms ſal ammoniac in the ſame 
manner. It unites with equal readineſs with the 
other acid airs. With water it forms the fluid vo- 
latile alkali commonly called ſpirit of ſal ammoniac 


with lime. 
The volatile alkali is decompoſed and formed again Decompoſitioa 


and formation 


in many chemical proceſſes. Theſe, generally ſpeak- + volatile at. 
ing, require a more intimate knowledge of chemical Xl 


fats 


> 
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ALKALIS, 


ACIDS» 


facts than the reader can yet be ſuppoſed to poſſeſs, for 


* them to be ſpoken of at length in this place. It will 


thereſore be ſufficient to obſerve, that the dimenſions 
of alkaline air are greatly enlarged by repeatedly paſſing 
the electric ſpark or exploſion * through it, or by ig- 
niting a piece of earthen ware in it; and it is by this 
means rendered incapable of being abſorbed by water, 
and becomes inflammable. By the admiſſion of vital 
air, and detonation, the inflammable part is condenſed, 
and the remainder is found to be phlogiſticated air +. 
Hence, as well as from other experiments, it is con- 
cluded that alkaline air conſiſts of four parts by weight 
of phlogiſticated, and one of inflammable air. 


Acids are a genus of falts, which may be conſi- 
dered as leſs ſimple than the fixed alkalis; becauſc 
there are experiments which clearly ſhew that they 
may be decompoſed into principles ſtill ſimpler. Their 
properties are—1. 'They change the blue vegetable co- 
lours of ſyrup of violets, or tincture of litmus, to a 
red. 2. Their taſte is ſour, and in general corroſive, 
unleſs diluted. 3. Moſt of them unite with water in 
all proportions; and many have ſo.ſtrong an attraction 
for it, that they cannot be exhibited in the ſolid ſtate. 


4. They combine with alkalis by a ſtronger affinity 


than is poſſeſſed by moſt other ſubſtances to thoſe ſalts 


at a moderate temperature. 6. They act upon earths, 


and upon moſt inſlammable ſubſtances and metals. 


* Prieſtley, ii. 239. v. 218. vi. 189. 


+ Berthollet in Mem. Acad. Par, for 1785, page 324. Alfo 
Auſtin in Phil. Tranſ. vol, lxxviii. p. 387. 
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| 
| 
The acids found in the mineral kingdom are—the acis. q 
vitriolic acid, known in commerce by the name of oil e | 
of vitriol ; the nitrous acid, called ſpirit of nitre; the Mineral acids. | 
marine acid, called ſpirit of ſalt; the atrial acid, or 
fixed air; the acid of borax, called ſedative ſalt; 
the acid of ſpar, or ſparry acid; ſuccinous acid, or 
acid of amber; the acid of phoſphorus, or phoſpho- 
ric acid; the acid of tin; the acid of arſenic; the * 
acid of molybdena; the atid of tungſten, or of TH 
wolfram. b 

The vegetable kingdom affords the acids of lemons; vegetable 
of apples, or unripe fruits; of galls; of benzoin; of — 
tartar; of ſugar, or ſorrel; the empyreumatic acid of 
tartar; the empyreumatic acid of ſugar, or mucilage; 
the empyreumatic acid of wood; the acid of cam- 
phor; the acid of cork; and the acetous acid, or 
vinegar. 

The animal kingdom affords the acid of milk; the Animal acids. 
acid of ſugar of milk; the acid of ants; the acid of 
Pruſſian blue; the acid of fat; the acid of the ſtone 
of the bladder; and the acid of ſilkworms. 

When an inflammable ſubſtance is added to a ſtrong Inflammable 
acid, the effects in general are, that the acid is ren- adi aug to 
dered more volatile, and part flies off in an elaſtic 
form, which has various properties, according to the 
nature and properties of the acid, as will be hereafter 
ſhewn. | 

In the theory of phlogiſton, acids are ſuppoſed to Theory. 
contain that principle, and to be capable of uniting 
with it in various proportions. When they have re- 
ceived a larger proportion, they are rendered more 
volatile, and fly off in the elaſtic form; and when 
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— mand 
Theory. 


NEUTRAL $ALTS. 


they have a leſs than the uſual proportion of it, 
they are ſaid to be dephlogiſticated, and act more 
ſtrongly on phlogiſtic bodies. In the new theory, 
acids are ſuppoſed to conſiſt each of a peculiar baſe 
united to vital air in a fixed ſtate. If they act on a 
combuſtible body, and become deprived of part of their 
vital air by its aCtion, their conſtitution is changed, 
and their baſe is more diſpoſed to fly off ; but if by 
any means they obtain an over-proportion of vital 
air, their action on combuſtible bodies is more eſſica- 


 Cious. 


Vital air a 
component 
part of acids, 


Neutral ſalts. 


Moſt of the phlogiſtian chemiſts admit of the exiſt- 
ence of vital air, as a component part of acids; a poſi- 
tion which ſeems indeed to be as well eilabliſhed upon 
facts as any part of the ſcience of chemiſtry. 

Combinations of alkalis with acids are called neutral 


ſalts. 


METALS» 


EB 


OF METALLIC BODIES IN GENERAL. 


their very great weight, and that opake ſhining ap- 
pearance which is called the metallic ſplendour or 
brilliancy. Very few ſubſtances have half the ſpecific 
gravity of the lighteſt among the metals. They are 
all fuſible, though at very different temperatures; and 
if the fuſion be made in cloſe veſſels, they fix again by 
cold, without having ſuſfered any change but that of 
external figure, which muſt be produced in all bodies 
which have been either liquefied or volatilized; namely, 
they aſſume the form of the veſſel which contains them. 
Some of them may be extended conſiderably by the 
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ETALLIC ſubſtances are very eaſily diſtin- cyuaracrtrs 
guiſhable from all other bodies in nature, by 27 METALS. 


hammer, without breaking them. This property is Entire metals. 


called malleability; and the metallic bodies which poſſeſs 
it are called entire metals, or metals, in contradiſtinction 
to ſuch as are more brittle, and are called ſemi-metals. 


Metallic ſubſtances are alſo called perfect and imper- perfect and im- 
fect. The perfect are ſuch as undergo no laſting change Per fect metals. 


of their properties by any heat we can apply to them, 
at leaſt in common furnaces. The imperfect metals, 


when expoſed to a ſtrong heat, with acceſs of vital 


air, are changed, by a proceſs ſimilar to burning, and in 
ſome of them with an actual flame, into a brittle dull 


ſubſtance called a calx, which is heavier than the 


metal it came from, though its ſpecific gravity is not 
K 2 ſo 


Calces. 
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METALLIC ſo great. Some are even converted into acids, If 
SUBSTANCE®* the calx of a metal be expoſed to ſtrong heat in a 
Acids. cloſed veſſel, with ſome inflammable matter, it recovers 
its metallic ſtate. This is called reduCtion or reviving 

of the metal. 

Enumeration All metals are imperfect except gold, ſilver, and 
platina, The imperſect metals are, mercury, lead, 
copper, iron, and tin; and the ſemi-metals are, biſ- 
muth, nickel, arſenic, cobalt, zinc, antimony, manga- 
neſe, wolfram, molybdena, and uranite. The names 
arſenic, antimony, manganeſe, wolfram, and molyb- 
dena, being uſed to denote the mineral ſubſtance from 

| which the ſemi-metals are obtained, the ſemi-metals 
Regulus. themſelves are diſtinguiſhed by the name of regulus of 
arſenic, regulus of antimony, and ſo forth; though 
modern chemiſts often uſe the ſimple term to denote 

the ſemi-metal itſelf alone. 

—— Metals, like other fuſible bodies, have each a fixed 
temperature, or freezing point, at which they become 
ſolid. They aſſume a cryſtallized figure in cooling, 
which is different in each, and may be ſeen by fuſing 
them in melting- pots with a hole in the bottom, ſtop- 

Cryſtallization, ped with a ſtopper; for in this caſe, if the ſurface be 
ſuffered to congeal, and the fluid metal beneath be 
ſuffered to run out through the hole, the under ſur- 
face of the remaining metal will be curiouſly cryſ- 
tallized. The ſpecific gravity of metallic ſubſtances 
is very conſiderably affected by the gradual or haſty 
cooling, or tranſition from the fluid to the ſolid ſtate, 
Hammering renders them harder and more elaſtic 
but this effect is deſtroyed by ignition. 

Affnities The affinities of metals to each other are various. 
8 Some 
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Some will not unite at all; others mix very readily, MeTaLLIc 
and even combine together. On this property is Takes. 
founded the art of ſoldering ; which conſiſts in joining 

two pieces of metal together by heating them, with a 

thin piece or plate of a more fuſible metal interpoſed 

between them. Thus tin is a ſolder for lead; braſs, Solders. 
gold, or ſilver, are folders for iron, &c. 

Mountainous diſtricts, where the ſurface of the Countries moſt 
globe has been thrown up or diſturbed, in remote nn with 
ages, by earthquakes, volcanos, or other great convul- 
fions of nature, are the moſt abundant in metallic 
bodies. In digging into the bowels of the earth, the 
various materials are moſtly found difpoſed in ſtrata 
or beds, which in plains lie level, but in mountains 
are inclined; whence it happens that in mountainous - 
countries ſome ſtrata are often expoſed to the day, 
which would elfe have been too deeply lodged to be 
come at by human art. It is in the ſtratified moun- 
tains that metals are uſually found, moſtly in a ſtate 
of combination either with ſulphur or arſenic, or in the 
Nate of a calx. They are alſo found, though leſs fre- 
quently, in the metallic or native ſtate. 

The combinations, or earthy bodies, which contain ores. Veins. 
metals in ſufficient quantity to be worth extraQing, are — 
called ores. Iron ore ſometimes forms entire moun- 
tains; but in general the metallic part of a mountain 
is very inconſiderable in proportion to the whole. The 
ores run either parallel to the ſtony ſtrata, though far 
from having the ſame regularity of thickneſs, or they 
croſs the ſtrata in all directions. Theſe metallic firata 
are called veins. The cavity formed by art in the earth, 
for the extraction of metals or any other mineral bo- 

K 3 dies, 
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METALLIC dies, is called a mine. The ſtone wherein a metallic 
8UBSTANCES* ore is uſually bedded, is called its matrix. Theſe are 
not peculiarly appropriated to any metal, though ſome 
ſtones more frequently accompany metals than others, 
9 5 The general operations by which metals are ob- 
tals from ores, tained from ores are 1. The minerals are ſelected; and 
ſuch only are taken as from experience are known, by 
the external figure or appearance, to contain metal. 
2. They are reduced to powder; and the lighter parts 
waſhed away, by means of water, in a ſhallow trough. 
3. The volatile parts are diſſipated by the operation 
called roaſting. 4. The ores are ſmelted by throw- 
ing them into the midſt of the fuel of a furnace, with 
earthy ſubſtances which are diſpoſed to run into glaſs. 
In this operation, the glaſſy matter, called ſcoria, in 
ſome meaſure produces the effect of rendering the 
lower part of the furnace a cloſed veſſel; and the fuel 
revives the metal, which in the ore is uſually of the 
nature of calx. The revived metal being much denſer 
than the ſcoria, falls to the bottom, and is ſuffered to 
run out by proper openings. Theſe are the general 
operations, but they are not all neceſſary in all caſes; 
and the particular practice with the ſeveral ores of 
each metal, muſt vary according to the properties of 
the metal itſelf, and the different ſubſtances it is 
united with. : 
Aſfaying, or The extraction of metals from ores, in the ſmall 
n. way, which is neceſſary to be made in order to aſcer- 
tain whether the ſpecimens are worth working, is 
called aſſaying or eſſaying. In theſe ſmall trials the 
fuſibility of the pounded ore is increaſed by an addi- 
tion of black flux, which is an impure alkali, formed 


by 
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by mixing two parts of tartar with one of nitre, and METALLIC Ws 
ſetting them on fire. Metallic ores may be very accu- I ASCHG N 
rately aſſayed by ſolution and precipitation in the hu- Humid way. 
mid way. 8 
The theory of the calcination and reduction of me- Theory. | 
tals, according to the ſyſtem of phlogiſton, is as fol- 1 ö 
lows :— Metals, like all other inflammable bodies, con- | | 
tain phlogiſton united to a baſe. While the vital part j 
of the air unites with the baſe, the phlogiſton is diſen- | 
gaged, and leaves behind it the combination called a | 
calx, which is heavier than the metal, becauſe the air 
received exceeds the weight of the phlogiſton diſen- 
gaged.—In the antiphlogiſtic ſyſtem, metals are con- 
ſidered as ſimple ſubſtances, which are converted into 
calces by their union with vital air, and are revived by 
heating them with any other matter which is more 
combuſtible than themſelves; that is to ſay, which 
has a ſtronger attraction for vital air, at the tempera- 
ture of reduction. Some of the maintainers of phlo- 
giſton admit that the vital air unites with that principle 
of inflammability, and compoſes a ſubſtance which 
combines with the baſe of the metal. Here the fact 
agrees with the ſtatement of the antiphlogiſtians, but 
the explanation is leſs ſimple. 
Moſt metals will uniformly mix with each other; and Mixtureof me- 
the ſpecikc gravity of the compound is ſeldom ſuch as _ 
would have been deduced from the ſuppoſition of a 
mere mixture, or {imple appoſition of parts. Their 
fuſibility is likewiſe greatly changed by mixture, and 
according to no certain rule yet diſcovered, 
Mixtures of metals are frequently called alloys. Aloys. 
But the word alloy, or allay, is moſtly uſed to denote a 
K 4 portion 
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METALLIC portion of metal which is added to the precious me- 
SUBSTANCES: tals, gold or ſilver. 


Solubility of 
metals in 


. acids. 


Precipitation. 


Inſerences. 


Original the- 
O1. 


Metals are moſtly ſoluble in acids, with which they 
form ſalts. When a metal is added to an acid, the 
general effect produced is the ſame as would have 
ariſen from the addition of any other combuſtible ſub. 
ſtance to the acid. If an alkali or earth be added to 
a metallic ſolution, the metal falls to the bottom in the 
form of a calx. But if a metal which has a ſtronger 
affinity with the acid than the metal already diſſolved 
has, be added to ſuch a ſolution, the former meta] 
will fall to the bottom in *s metallic ſtate, and the 
latter will be diſſolved without cauſing any of the 
eſcape of elaſtic fluid, and other appearances, which 
would have taken place if it had been applied to the 
mere acid ; notwithſtanding which, the latter metal, if 
precipitated by an incombuſtible ſubſtance, ſuch as an 
alkali or earth, will be in the ſtate of a calx, 

It is evident, from theſe facts, that the action of acids 


upon metals is ſimilar to that of heat with acceſs of 


vital air; and of courſe may be accounted for, upon both 
the theories of chemiſtry, in the ſame manner as com- 
buſtion itſelf. According to the original theory, when 
an acid acts upon a metal, it unites with the baſe of 
the metal, and expels the phlogiſton; which either riſes 
alone, in the form of inflammable air; or, combining 


with the acid itſelf, forms an acid air, or volatile acid. 


If an alkali be added, the calx falls down, combined 
with air, which it obtains either from the alkali or 
the acid; but if a metal be added, the phlogiſton of 
this laſt, uniting with the calx of the former, revives 
it, and it falls down in its metallic ſtate. The new 

theory 
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theory may be applied as follows: When a metal is mETALL1C 
added to an acid, it attracts vital air either from the U TAncks, 
acid itſelf or from the water. If the former, the 'acid New theory. 


- itſelf is decompoſed; and its baſe, combined with an 
under proportion of vital air, ariſes in the form of 
yolatile acid, or acid air. But, if the latter, the water 
itſelf is decompoſed, its vital air combining with the 
metal, and its inflammable air flying off: in this caſe, 
the acid is ſuppoſed to do nothing more than hold 
the calx in ſolution, and by that means facilitate the 
action of the water, which would be much leſs effec- 
tual if the calx were ſuffered, on account of its in- 
ſolubility, to remain upon and defend the ſurface of 
the metal; which, by reaſon of its inſolubility in 
mere water, it would not fail to do, if the acid were 
not preſent. | 


Metals are precipitated by each other in the ſame Precipitation of 
metals by me- 


order, or nearly ſo, in all acids. Hence it is inferred, 
that this effect is produced by the reaction of ſome 
common principle, either of the metal or of the acids. 
In the old theory, a metal which has a ſtronger at- 
traction for phlogiſton, will take that principle from 
another metal which holds it more weakly; and of 
courſe the latter will cauſe the former to be precipi- 
tated in its metallic form. In the new theory; a con- 
trary tranſition of vital air from the acid produces the 
ſame effect: for if a metal has a ſtronger attraction 
for vital air than is exerted by another metal already 
in ſolution, it will deprive this laſt of it, and cauſe it 
to fall down in the metallic ſtate. 


Acids diſſolve metals only in their calciform ſtate ; Limit of ſolu- 


and there is a certain limit near which the ſolution is 


be 
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METALLIC beſt performed. If an acid be of ſuch a nature as to 
SUBSTANCE? be incapable of calcining a metal, it will not diſſolve 
it, though the ſame acid would diſſolve the calx if pre- 
ſented to it; and if the calcination be carried on too 
Theory of ſo- far, the calx will likewiſe be inſoluble. To explain this 
1 * - according to the two theories, it may be obſerved, that 
acids calcine metals by virtue of their attraction for 
phlogiſton, and ſuſpend the calx by virtue of the ſame 
power exerted on the remaining portion of phlogiſton, 
of which they cannot in general diveſt the calx; con- 
ſequently, if the calx be diveſted of this portion, it 
will be inſoluble. Or, in the other theory, the ſimple 
metal attracts as much vital air from the acid as is 
ſufficient to convert itſelf into a calx, but not enough to 
ſaturate it with that principle: it is therefore ſuſpended, 
in conſequence of its remaining weak attraCtion for 
the vital air of the acid. But if the calcination be 
complete, that is to ſay, if the affinity of the metal for 
vital air be perfectly ſatisfied, the remaining attraction 
of the metal for vital air will ceaſe, and it will be 
inſoluble. 

Attion of va- The direct action of alkaline ſalts upon metals is 
In not conſiderable : ſulphur combines with moſt of 
them readily in the way of fuſion ; and the combination 
of ſulphur with an alkali, called liver of ſulphur, is a 
powerful folvent of all metals except zinc. Nitre, 
heated with metals, acts in the ſame manner as it does 
with other inflammable bodies—it deflagrates, and the 
metals become calcined. The perfect metals reſiſt 

the action of nitre. 
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PARTICULAR CHEMISTRY. 


SECTION I... þ 


CONCERNING THE MINERAL ACIDS, AND 
OTHER MINERAL BODIES WHICH ARE | 
CONVERTIBLE INTO ACIDS. 


CMS 6 


OF SULPHUR, VITRIOLIC ACID, AND THE COQMBINA= 
TIONS THEY FORM WITH OTHER BODIES, 


ULPHUR, or brimſtone, is a well-known hard, — 
brittle, inſlammable ſubſtance, of an opake yellow . 
colour. It is found more or leſs pure in the neigh- 
bourhood of volcanos, where moſt probably it is al- 
ways expelled from ſome previous ſtate of combina- 
tion by the heat of ſubterraneous fires. It is a very 
common ingredient in a great variety of minerals and 
ores; but it is extracted for ſale chiefly from a ſtone 
called pyrites. 'This ſtone is often of an, irregular glo- Pyrites. 
bular figure; and, when broken, is found to have a 
radiated texture, the fibres uſually converging towards 
a centre, Their great weight, and the ſhining golden 
colour 
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Pyrites, 


Diſtillation of 
ſylphur ; 


- ſuklimation. 


PYRITE8» 8ULPHUR. 


colour of ſome ſpecimens, often lead the ignorant ta 


ſuppoſe them rich in precious metal. The contents of 


the pyrites are various; but the kind here ſpoken of 
contains from one ſixth to one third of its weight of 
ſulphur, one eighth to five eighths iron in a calcined 
ſtate, and the reſt clay and filiceous earth. They give 
fire plentifully with the ſteel ; whence their name is 
derived. A moderate heat will expel the ſulphur from 
pyrites, as it is conſiderably volatile. In the large way, 
in Germany and Italy, the pyrites are put into earthen 
cucurbits, difpoſed in a furnace in ſuch a manner 


that when the ſulphureous part melts, it runs into veſ- 


ſels filled with water, and there congeals. 
Sublimation is neceſſary to deprive ſulphur of the 
accidental impurities it may contain. This may be 
done in an earthen cucurbit ſet on a ſand bath, with 
a head properly adapted. The ſulphur rifes by a very 


gentle heat, little more than is ſufficient to melt it; 


Action of wa- 
ter upon ful- 
phur, 


and the fine ſublimate thus obtained is called flowers 
of brimſtone. | 

Water has no immediate action on ſulphur. It is 
ſaid, however, to foften the outſide by long contact 
with it ; and if ſulphur be heated nearly to ſuch a 
degree as to ſet it on fire, and then poured into water, 
it becomes ſoft, and partly tranſparent. In proceſs of 


time it recovers its original hardneſs and opacity. If 


ſteam of water be paſſed over ſulphur contained in a 
heated earthen tube, inflammable air is extricated ei- 
ther ſrom the ſulphur or the water, and comes out at 
the end of the tube“ . The experiment is troubleſome 


on account of the ſulphur ſubliming. 


* Prieſtley, vi. 150. 
The 
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The combinations of ſulphur with earths or alkalis sulrubs. 
are called hepars, or livers of ſulphur, from their co 
lour. There is no perceptible action between ſulphur | 
and filiceous earth. Argillaceous earth has very little 
action upon it in the direct way; but lime unites 
readily with it. If freſh quick-lime and flowers of Combination 
ſulphur be mixed, and water be added a little at a — 7 
time, the heat of the lime will be ſufficient to produce 
the combination. On addition of more water, it be- 
comes reddiſh, and emits a fetid ſmell of rotten eggs, 
which is common to all the hepars. The more cauſtic 
the lime, the deeper the colour of the hepar. The 
pure fixed alkalis decompoſe calcareous hepar, by vir- 
tue of their ſtronger affinity to the ſulphur : and any 
acid whatever decompoſes it, by attracting the lime; 
the ſulphur at the ſame time falling to the bottom in 
the form of a ſubtle powder, formerly called magiſtery 
of ſulphur. 

Pure ponderous earth boiled in water with ſulphur, —with ponde- 
has but little action upon it: but in the dry way, when u earth: 
ponderous ſpar, or the combination of vitriolic acid 
and ponderous earth, is ſtrongly heated in a crucible 
with charcoal, a coherent maſs is formed, which is ſo. 
luble in water, with the ſmell and other hepatic cha- 
racters; and if any acid be added which will form a 
ſoluble ſalt with the ponderous earth, a precipitate of 
ſulphur will be obtained. 

If a ſmall quantity of magneſia, and an equal quan- with magne- 
tity of flowers of ſulphur, be incloſed in a veſſel per- f. 
fectly filled up with diſtilled water, and well ſtopped, 
and then expoſed to heat by immerſion in boiling 


water for ſeveral hours, a combination will take place, 
and 


- — — 2 


— * 2 — 2 
22 — — . „ 


_- 
: 


— — 
— GW 


— — 
= 
4 3 — "= 2 2 - * _ — o 2 —— — - 
WD — — — 2 · 2 — 33 £4. 8 — — 
a" a * — 
—— — — * * * 


142 


LiIVERS OF SULPHUR. 


SULPHUR, and the water will contain a magneſian liver of ſuf- 
pur; from which the earth may be precipitated by 


Combination 
of ſulphur with 
fxet alkalis. 


Hepatic air. 


the addition of an alkali, which will unite with the 
ſulphur ; or the ſulphur may be precipitated by an 
acid, which will combine with the earth, 

The fixed alkalis combine very readily with fulphur, 
either in the moiſt or dry way, whether they be in a 
pure or cauſtic ſtate, or combined with fixed air ; 
though more ſtrongly in the former than the latter 
caſe. If a ſolution of fixed alkali in water be boiled 
with half its weight of powdered ſulphur, a combina- 
tion takes place, and liver of ſulphur is formed, Or, 
if equal parts of dry alkali and powdered ſulphur be 
melted in a crucible, and poured out on a flat poliſhed 
ſtone, as ſoon as the fuſion is complete, the com- 
bination will be of a liver colour, and is the ſolid 
hepar, If it be made with a pure or cauſtic alkali, 
its colour is deeper, and its charaQteriſtic properties 
more intenſe, than when a mild alkali is uſed. A 
ſolution of the ſolid hepar in water forms preciſely the 
ſame ſubſtance as the preparation made in the moilt 
way. 

The peculiar fetid ſmell of the ſolid hepar when 
moiſtened, or of its ſolution, is produced by the emiſ- 
ſion of a permanently elaſtic fluid, called hepatic air. 
This ſmell, when ſtrong, is inſupportable, and ſuddenly 
deſtroys animal life. Hepatic air is very ſoluble in 
water, which it converts into a ſtate perfectly reſem- 
bling that of the ſulphureous mineral ſprings. It ren- 
ders ſyrup of violets green, blackens the calces of lead 
and biſmuth, and the ſurface of ſilver. Vital air de- 
compoſes it, and cauſes ſulphur ta be depoſited. It 

detonates 
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detonates with vital air when ſet on fire. It is not SULPHUR. 


clearly aſcertained in what manner the ſulphur is ſuſ- 
pended in hepatic air. Sulphur, melted by the burn- 
ing glaſs, in inflammable air over mercury, produces 


a fluid which has the properties of hepatic air; and Hepatic a- 


* if inflammable air be paſſed through melted ſulphur, 
it becomes converted into hepatic air. As this air is 
not obtained from hepar unleſs water be preſent, it has 
been ſuppoſed to conſiſt of ſulphur volatilized, in com- 
bination with inflammable air, extricated by a decom- 
poſition of the water; whoſe other component part, 
namely, vital air, is ſuppoſed to unite with the ſulphur. 
It is even aſſerted that the reſidue contains vitriolated 


tartar. 


Fluid volatile alkali has very little action on ſul- volatile liver 


phur; but a volatile hepar may be produced by the 
union of alkaline air with ſulphur in the vaporous 
ſtate, If equal parts of quick-lime and ſal ammoniac 
be mixed together with half a part of ſulphur, and diſ- 
tilled with the pneumatic apparatus (fig. 15 and 21), 
with a ſmall quantity of water in the receiver, a red- 
diſh yellow hepatic liquor will be obtained, which is 
the volatile hepar, and was formerly known by the 
name of the fuming liquor of Boyle; ſo called from 
its inventor, and from the white fumes it emits in the 
air. 

Sulphur combines with moſt metallic bodies in the 


dry way. Oils likewiſe diſſolve it, and form compounds Balfams. 


called balſams. 


* Haſſenfrate in Phil. Tranſ. vol. Ixxvii. p. 306. 


When 


of ſulphur. 
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zULpHUk: When ſulphur is heated in an open veſſel, it melts ; 

r and ſoon afterwards emits a blueiſh flame, viſible in the 

ſulphur. dark; but which, in open day-light, has the appear- 
ance of a white fume. This flame has a ſuffocating 
ſmell; and has ſo little heat that it will. not ſet fire to 
flax, and may even be ſuffered to play againſt the palm 
of the hand without any conſiderable inconvenience; 
In this way the ſulphur may be entirely conſumed. 
If the heat be ſtill augmented, the ſulphur boils, and 
ſuddenly burſts into a much more luminous flame; the 
ſame ſuffocating vapour ſtill continuing to be emitted. 

— vitrio- The ſuffocating vapour of ſulphur is imbibed by 

ic acid. 
water, with which it forms the fluid called volatile 
vitriolic acid. If this fluid be expoſed for a time to 
the air, it loſes the ſulphureous ſmell it had at firſt, 
and the acid becomes more fixed. It is then the fluid 
which was formerly called ſpirit of vitriol. Much of 
the water may be driven off by heat; and the denſe 
acid which remains is the vitriolic acid, commonly 

Ou of vitriol, called oil of vitriol: a name which was probably given 
ro it from the little noiſe it makes when poured out; 
and the unctuous feel it has when rubbed between the 
fingers, produced by its corroding and deſtroying the 
ſkin, with which it forms a ſoapy compound. 

Vitriol of iron. The pyrites beſore mentioned, which conſiſt, for 
the moſt part, of ſulphur and iron, are found to be 
converted into the ſalt called vitriol of iron by expo- 
ſure to air and moiſture. In this natural proceſs the 
pyrites break, and fall in pieces; and if the change 
take place rapidly, a conſiderable increaſe of tempera- 
ture follows, which is ſometimes ſuſſicient to ſet the 


maſs 


THE VITRIOLIC ACID. 


accurate way, it is found that vital air is abſorbed. 
The vitriol is obtained by ſolution in water, and ſub- 
ſequent evaporation ; by which the cryſtals of the ſalt 
are ſeparated from the earthy impurities which were 
not ſuſpended in the water. 
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maſs on ſire. By conducting this operation in an SULPHUR, 
7 8 - 


4 


The vitriolic acid was formerly obtained by diſtilla- Diſtillation of 


tion from vitriol of iron. When this ſalt is expoſed to 2 


heat, the vitriolic acid comes over, at firſt attended 
with a large quantity of volatile ſulphureous vapour; 
and, towards the end, there is a production of pure 
dephlogiſticated air. The acid which riſes laſt has a 
concrete cryſtalline form. The acid obtained in this 
proceſs is black, and requires to be purified by a 
ſecond diſtillation, or rectifſication, in which the vola- 
tile ſulphureous acid comes over, and leaves the denſe 
vitriolic acid behind. * 


Moſt of the vitriolic acid now uſed is produced by Manufacture of 


the combuſtion of ſulphur. There are three condi- 
tions requiſite in this operation. Vital air muſt be 
preſent, to maintain the combuſtion ; the veſſel muſt be 
cloſe, to prevent the eſcape of the volatile matter which 
riſes; and water muſt be preſent, to imbibe it. For 
theſe purpoſes, a mixture of eight parts of ſulphur with 
one of nitre is placed in a proper veſſel, incloſed within 
a chamber of conſiderable ſize, lined on all fides with 
lead, and covered at bottom with a ſhallow ſtratum of 
water. The mixture being ſet on fire, and ſhut up, 
will burn for a conſiderable time, by virtue of the ſup- 
ply of vital air which nitre gives out when heated 
and the water, imbibing the ſulphureous vapours, be- 
comes gradually more and more acid, after repeated 
L com- 


vitriolic acid, 
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vITRIOLIC combuſtions; and the acid is afterwards concentrated 
AciD. by diſtillation. 
Characters of Pure vitriolic acid is colourleſs, and emits no fumes. 
damn” ſtrongly attracts water, which it takes from the 
atmoſphere very rapidly, and in large quantities, if 
ſuffered to remain in an open veſſel. If it be mixed 
with water, it produces an inſtantaneous heat, nearly 
equal to that of ebullition. Its action upon all the 
earths except the filiceous, upon the alkaline ſalts, 
upon many metals, and almoſt every other combuſtible 
ſubſtance, is very ſtrong. 
Combination of With argillaceous earth it forms alum. This well- 
lud cl.. known falt has a peculiar auſtere or aſtringent taſte; is 
| foluble in about fifteen times its weight of water, at 
the temperature of 60, and in a much leſs quantity at 
higher ten peratures ; from which it may be ſeparated 
in the form of permanent cryſtals. It fuſes at a mo- 
derate heat, and froths up till-its water of cryſtalliza- 
tion is evaporated; at which period it has the form of 
a white friable ſubſtance, called calcined alum, which 
retains the greateſt part of its acid when not too much 
heated; and may again be reſtored to its original form 
by adding the water it had loſt by the heat. 
Preparation of Alum is not made for the purpoſes of commerce 
_ by a direct combination of the vitriolic acid and clay, 
but is extracted from ſubſtances uſually called alum 
ores, which either are, or probably were originally, 
compoſed of clay and ſulphur. From ſuch as contain 
the alum ready formed, as is the caſe with earths of this 
kind found in the neighbourhood of volcanos, it is 
extracted by lixiviation in water, and ſubſequent eva- 
poration. But other ſubſtances, ſuch as pyrites and 
| alum 
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alum flates, require to be burned or expoſed to the virzioLic 
air and moiſture for a time, before any alum can wor 
be had from them. Theſe proceſſes convert the ſul- 


phur into vitriolic acid. Alum works have long been l 
; 


eſtabliſhed in Britain; and many other parts of the 


The acid in alum is not ſaturated, If a ſolution of 
alum be boiled upon clay, a conſiderable portion of the 
latter will unite with the ſalt, and form a combination 
which is much leſs ſoluble than the alum itſelf. 

With calcareous earth the vitriolic acid forms gyp- Vitriolic acid 
ſum, or plaſter of Paris. This ſaline ſubſtance is plen- bop ogg 
tifully found in nature z and is known by different 
names, according to its texture and external appear- 
ance: The lapis ſpecularis and alabaſter are of this 
kind; It requires about five hundred times its weight 
of water to diſſolve it at the temperature of 60?, and 
has for that reaſon been reckoned an earth. Its chief 
uſe has been already adverted to. 

With ponderous earth the vitriolic acid forms the —with pondes - 
ponderous ſpar, or marmor metallicum. ng 

With magneſia it forms Epſom ſalt, which has a —with magne. 
bitter taſte. This is ſoluble in its own weight of! 225 
water, at the temperature of 60; and by evaporation 
it is recovered in cryſtals, which are diſpoſed to efflo- 
reſce, or become converted into a dry powder by ex- 
poſure to air. 


With the vegetable alkali this acid forms a ſalt —with veges 
commonly called vitriolated tartar, which is ſoluble in 3 
about ſixteen times its weight of water, at the tempe- 
rature of 60° and from which it may again be recover- 


ed by evaporation in the form of permanent cryſtals. 
L 2 With 
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viTRIoLic With the mineral or marine alkali, the vitriclic acid 
ACID: forms Glauber's ſalt, which requires only three times 
Vitriolic acid its weight of water to diſſolve it at the ſame tempera- 
unn ture. It is more ſoluble in hot than cold water; and 
may therefore be ſeparated from a hot ſaturated ſolu- 
tion, either by cooling or by evaporation. Its cryſtals 
are uſually large and well formed ; but they loſe their 
water of cryſtallization, which amounts to near half 
their weight, by expoſure to the air, and fall into an 
eſfloreſcence, or white powder. 

with volatile The combination of the vitriolic acid with volatile 
1 8 alkali, is called vitriolic ammoniac. It is ſoluble in 
twice its weight of cold or an equal weight of hot wa- 
ter ; and affords cryſtals either by cooling or evapora. 
tion, which are permanent, or lightly diſpoſed to attract 
moiſture and deliqueſce. Some chemiſts aſſert that it 
is volatile, and others aſhrm the contrary. Upon ex- 
amination, it would probably be found that the acid or 

alkali, or both, are decompoſed by heat. 
with com- When any combuſtible ſubſtance is added to the 
2 Os mate concentrated vitriolic acid, the fluid becomes black; and 
emits white vapours, which are of an exceedingly pun- 
gent ſulphureous ſmell ; and, if received over mer- 
Aeriform vitri- cury, are found to conſiſt of a peculiar atriform fluid, 
lic acid. which is not condenſable into the fluid ſtate except by 
a very great degree of cold“. It is ſoluble in water, 
which it converts into volatile vitriolic acid, of exactly 
Page 133, the ſame nature as that obtained by the combuſtion of 
ſulphur. Whence it follows, that the fumes of ſul- 
phur conſiſt of this kind of air, rendered viſible by 


| # This was effected by M. Monge. See Fourcroy's Chemiſtry, 
vol. i. p. xxxi. 
the 


VITRIOLIC ACID AIR, 149 


the moiſture it meets and combines with in the atmo- viTzroLC 
ſphere. Boiling vitriolic acid acis upon moſt metals, 3 
and affords vitriolic' acid air, and with ſome of them 
ſulphur; but with ſuch metals as it can act upon 

when conſiderably diluted, it affords inflammable air. 

When this acid is diſtilled from metals to en the 

latter product is vital air. 

The ſulphureous or volatile vitriolic acid 8 ſaline Sulphureous 
combinations with earths, alkalis, and metals; but its 288. 
attraction to theſe baſes is much leſs than that of the 
vitriolic acid. Expoſure to the air for a length of time 
changes theſe ſalts into common vitriolic ſalts, in the 
ſame manner, doubtleſs, as it changes the ſulphureous 
acid into the common vitriolic acid, 

Vitriolic acid air is heavier than common air; and, Characters of 
like every other permanently elaſtic fluid, except vital 28 
air and its compounds, it extinguiſhes combuſtion, and 
deſtroys animal life, If alkaline air be mixed with it, 
the airs combine, and form a beautiful white cloud, 
which becomes condenſed, and is found to be vitriolic 
ammoniac'; at the ſame time that a yellow ſubſtance 
is ſeparated, which ſeems to be ſulphur. Water im- 
pregnated with this air may be frozen without parting 
with it; and if ſuch impregnated water be expoſed to 
heat for many days in a glaſs veſſel hermetically ſealed 
(that is to ſay, cloſed by melting its aperture with a 


blow-pipe), it depoſits ſulphur*. 


The converſion of ſulphur into the vitriolic acid, vitrielie acid 
* * . a d . 
and contrary-wiſe, of the acid into ſulphur, being fulptur, 8 


effects of great importance in chemical theory; it be- 
came a deſirable object to perform the latter, in order 


* Prieftley, iv. 124. 
L 3 ta | 
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TITRIOLIC to confirm ſuch reaſoning as was adopted reſpecting 
ACID. the former. As it js evident that ſulphur becomes 
© *  vitriolic acid by combuſtion, it muſt follow by analogy, 
from what happens in the revival or reduCtion of 
burned metals, or metallic calces, that ſulphur might 
be revived from vitriolic acid, by expoſing it to heat 
with ſome more combuſtible ſubſtance. A difficulty 
however preſented itſelf in this attempt, which was, 
that the vitriolic acid, being rendered yolatile by the 
addition of a combuſtible body, would elude the at- 
$tahl's experi- tempt to expoſe it to a conſiderable heat. This, no 
— . — doubt, was the circumſtance that directed the atten- 
from vitriolic tion of the great founder of the theory of phlogiſton 
: (Stahl) to the neutral ſalts ; in which the acid is not 
only highly concentrated, but combined with a more 
fixed body, namely, the alkali. He fuſed equal parts 
of fixed alkali and vitriolated tartar in a crucible ; to 
which he added half a part of powdered charcoal. 
This mixture being well ſtirred together, and heated 
ſtrongly for a very ſhort ſpace of time, was poured 
out, all ſparkling, upon a ſmooth ſtone previouſly 
greaſed. The compound, when cooled, was found to 
be a true liver of ſulphur ; from which, after ſolution 
in water, and precipitation by adding an acid, the ſul- 
phur was obtained. 

EleQricity, When the electric ſpark paſſes between two ſurfaces 
| pol vitriolic acid confined in a bended glaſs tube, there 

is a production of vital air. 
Recapitulation Such are the principal facts relating to ſulphur and 
and eneory. the vitriolic acid; which, when conſidered with a view 
to theoretical arrangement, are found to be more im- 
mediately connected than at firſt view they may ſeem 
to 
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to be. The combuſtion of ſulphur is of the ſame 
nature as every ather combuſtion. Vital air is ab- 
ſorbed, and the inflammable principle is ſuppoſed to be 
extricated. The ſulphur, thus deprived of its phlo- 
giſtors, and united to vital air, becomes an acid; which 
is not completely changed until, by ſubſequent expa- 
ſure to the common air, it has imbibed ſtill more of 
the vital part, and the remaining phlogiſton has been 
diſſipated. The decompoſition of pyrites is a pheno- 
menon of the ſame kind, but is performed more gra- 
dually, and of courſe with the accumulation of leſs 
Heat. The ſulphur of theſe combinations attracts the 
vital part of the air by an action which is ſuppoſed to 
be increaſed by the ſtrong tendency of the iron to 
combine with the acid that reſults from the union; 
the phlogiſton being diſſipated for the ſame reaſon. 
Inſtead, therefore, of a combination of iron and ſul- 
phur, they become converted into vitriol, in which an 
acid is found : and as this proceſs conſiſts of the ab- 
ſorption of vital air, and diſengagement of phlogiſton, 
it is a true. combuſtion ; with this only modification, 
that the heat is ſeldom extricated ſo rapidly as to pro- 
duce the appearances of ignition and flame, but is con- 
ducted off by the ſurrounding bodies nearly as faſt as it 
is generated. 

In the diſtillation of vitriolic acid from vitriol of 
iron, the acid is rendered black and ſulphureous from 
the iron, which was not completely dephlogiſticated 
or calcined during its original combination with the 
acid: for the phlogiſton of the iron is ſuppoſed, in 


this diſtillation, to unite with the acid, and form 


— while the portion of the vital air which con- 
L 4 tributed 
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vITRIOLIC tributed to convert that ſulphur into acid, unites with 


ACID» 


the calx, and is afterwards driven off towards the end 


Theory. of the proceſs. A cryſtalline or concrete form of the 


Mutual action 
of vitriolic acid 
and combuſti- 
ble bodies. 


Liver of ſul- 
phur from vi- 
triolated tartar. 


acid is ſometimes produced by its holding the vitriolic 
acid air in ſolution. If this be driven off by heat, the 
acid will be pure. Hence it is clear that the volatile 
vitriolic acid differs in fact from the pure vitriolic acid, 
in the circumſtance that it holds ſulphur in ſolution. 
And the vitriolic acid air is the ſame acid with ſul- 
phur, but with much leſs water, if any. 

The change in the vitriolic acid produced by the 
addition of a combuſtible ſubſtance, is explained with 
equal facility ; for it is the reverſe of the inflammation 
of ſulphur. The pure air of the acid is abſorbed by 
the combuſtible body ; while the phlogiſton of this 
laſt unites with the baſe of the ſulphur, and forms 
ſulphur. This ſulphur renders the acid volatile; and 
it comes over in the atrial form, together with water. 
If the combuſtible body be of ſuch a nature as to leave 
a fixed reſidue, to which the laſt portions of acid may 
unite after all the water is diſſipated, ſulphur will 
come over alone. Or if all the ſulphur be driven off, 


either with the water or after it, the laſt product will 
conſiſt of the vital air which adhered to the reſidue, 


or fixed calx of the combuſtible body. When the di- 
luted vitriolic acid acts upon a metal, and diſengages 
inflammable air, the acid unites entirely, and without 
decompoſition, to the calx, and the phlogiſton flies off 
in the aerial form. 

An explanation nearly ſimilar may be applied to * 
formation of liver of ſulphur, when vitriolated tartar 
is fuſed with an alkali and charcoal. Vitriolated tartar, 
4 WS... 
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conſiſting of vegetable alkali united to vitriolic acid, 
is decompoſed by charcoal. This uniting with the vital 
air of the acid, at the ſame time that it communicates 
its phlogiſton to the baſe, converts the acid into ſul- 
phur : the additional alkali ſerves only to aſſiſt the fu- 
ſion of the original maſs, and to prevent the Ware 
of the ſulphur by eombining with it. 


153 


VITRIOLIC 
ACID. 


— 


Theory. 


Thus far we have admitted the inflammable princi- — 
ory 


ple in our explanation; and it muſt be admitted, if it 
can be ſhewn that fulphur contains it. We muſt 
confeſs however that this has not been proved; and 
that inflammable air has never been obtained directly 
from ſulphur, except a ſmall quantity, by paſſing ſteam 
of water over it when heated in an earthen tube“; in 
which caſe the original doubt preſents itſelf, whe- 


ther the air come from the ſulphur or the water. The 


modern theory, which rejects phlogiſton, accounts for 
the preceding facts ſimply by the abſorption or extri- 
cation of vital air. Sulphur is taken to be a ſimple 
ſubſtance. The combuſtion of ſulphur conſiſts of the 
rapid combination of that ſubſtance with vital air; 
which, at the ſame time, gives out its heat as its capa- 
city is diminiſhed. A ſmaller proportion of vital air, 
with the ſulphur, compoſes the volatile vitriolic acid, 
whether in the aerial form, or mixed with water: a 
larger doſe forms the complete vitriolic acid. If a 
combuſtible body be added to vitriolic acid, this body 
becomes burned, or calcined, by uniting with part of 
the vital air of the acid; the remainder conſequently 
has an over-proportion of ſulphur, and therefore be- 
comes volatile. If the abſorption of pure air be ſuf- 


* Prieſtley, vi. 150. 
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and becomes ſulphur again. When the combuſtible 
body is metallic, the pure air may, in me caſes, be 
driven out by heat from the reſidue. And laſtly, when 
inflammable air is obtained by the ſolution of metals 
in the diluted acids, it is taken for granted that it ariſes 
from the decompoſition of the water, whoſe vital air, 
uniting with the metal, conſidered as a principal ſub- 
ſtance, calcines it; while the inflammable part flies 
off, and the acid does nothing more than diſſolve the 
calx, and by that action facilitates its formation. 

The detonation of hepatic with vital air may be 
readily explained on either hypotheſis ; whether it be 
ſuppoſed to conſiſt chiefly, if not entirely, in the com- 
buſtion of the ſulphur, which muſt by that means be 
ſuddenly converted into vitriolic acid air; or fimply of 
the inflammable air, while the ſulphur is depoſited. 


CHAP. 
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S 


or THE NITROUS ACID, ITS COMPONENT PARTS,” AND 
' COMBINATIONS, 


HE nitrous acid is obtained from the ſalt called NiTzovs 
nitre or ſalt-petre, which conſiſts of the acid it- , . 

ſelf united to the vegetable alkali, This ſalt is never Production of 

found in conſiderable quantities in nature, but is pan 

evidently produced by a concurrence of circumſtances, 

The nitrous acid appears to be produced in all fitua- 

tions where animal matters are completely decom- 

poſed, with acceſs of air, and of proper ſubſtances with 

which it can readily combine. Grounds frequently ; 

trodden by cattle, and impregnated with their excre- | 

ments; or the walls of inhabited places where putrid 

animal vapours abound, ſuch as ſlaughter-houſes, drains, | 

or the like, afford nitre by long expoſure to the air. 

Artificial nitre beds are made by an attention to the Nitre beds 
' circumſtances in which this ſalt is produced by nature. 

Dry ditches are dug, and covered with ſheds, open at 

the ſides, to keep off the rain: theſe are filled with 

animal ſubſtances—ſuch as dung, or other excrements, 

with the remains of vegetables; and old mortar, or other 

looſe calcareous earth, this ſubſtance being found to 

be the beſt and moſt convenient receptacle for the acid 

to combine with. Occaſional watering, and turning 

up from time to time, are neceſſary to accelerate the 

proceſs, and increaſe the ſurfaces to which the air 

may apply. After a ſucceſſion of many months, more 


or leſs, according to the management of the operation, | 
| | in | 
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in which the action of a regulated current of freſh air 
is of the greateſt importance, nitre is found in the 
maſs. If the beds contained much vegetable matter, 
a conſiderable portion of the nitrous ſalt will be com- 
mon ſaltpetre; but, if otherwiſe, the acid will, for the 
moſt part, be combined with the calcareous earth. 

To extract the faltpetre from the maſs of earthy 
matter, a number of large caſks are prepared, with a 
cock at the bottom of each, and a quantity of ſtraw 
within, to prevent its being ſtopped up. In theſe the 

matter is put, together with wood-aſhes, either ſtrewed 


at top, or added during the filling. Boiling water is 


then poured on, and ſuffered to ſtand for ſome time; 
after which it is drawn off, and other water added in 
the ſame manner, as long as any ſaline matter can be 
thus extracted. The weak brine is heated, and paſſed 
through other tubs, until it becomes of conſiderable 
ſtrength. It is then carried to the boiler, and contains 
nitre and other falts; the chief of which is common 
culinary falt, or the marine acid united to the mineral 
alkali, or ſometimes to magneſia. It is the property of 
nitre to be much more ſoluble in hot than cold water; 
but common falt is ſoluble very nearly as much in cold 
as in hot water. Whenever, therefore, the evaporation 
is carried by boiling to a certain point, much of the 


common ſalt will fall to the bottom, for want of water 


to hold it in ſolution, though the nitre will remain ſuf- 
pended by virtue of the heat. The common falt thus 
ſeparated is taken out with a perforated ladle; and a 
ſmall quantity of the fluid is cooled, from time to time, 
that its concentration may be known by the nitre 


which cryſtallizes in it. When the fluid is ſufficiently 


| evaporated, 
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evaporated, it is taken out and cooled, and great xirxovs 
part of the nitre ſeparates in cryſtals; while the re- 
maining common ſalt continues diſſolved, becauſe 

equally ſoluble in cold as in hot water. Subſequent 

evaporation of the reſidue will ſeparate more nitre in 

the ſame manner. 

This nitre, which is called nitre of the firſt boiling, Purification of 
contains ſome common ſalt; from which it may be Jy 
purified by ſolution in a ſmall quantity of water, and 
ſubſequent evaporation : for the cryſtals thus obtained 
are much leſs contaminated with common ſalt than 
before ; becauſe the proportion of water is ſo much 
larger, with reſpect to the ſmall quantity contained by 
the nitre, that very little of it will cryſtallize. For 
nice purpoſes, the ſolution and cryſtallization of 'nitre 
are repeated four times. The cryſtals of nitre are 
uſually of the form of a ſix-ſided flattened priſm, with 
dihedral ſummits. Its taſte is penetrating, but the | 
cold produced by placing the ſalt to diſſolve in the 
mouth is ſuch as to predominate over the real taſte 
at firſt. Seven parts of water diſſolve one of nitre at 
the temperature of 60 degrees; but boiling water diſ- 
ſolves its own weight. 

If nitre be expoſed to a ſtrong heat, it melts, and Decompoſition | 
becomes red hot; and the volatile product is found » uitre by heat. | 
to conſiſt of fuming nitrous acid, a large quantity of 
vital air, and ſome phlogiſticated air; the alkali remain- 
ing behind, ſomewhat altered by a portion of the earth 
of the retort which it has diſſolved. Moſt other nitrous 
ſalts give out vital air by the ſame treatment. The 
extreme difficulty of aſcertaining the weights of atrial 


products, and of the fixed reſidues, renders it an em- 
barraſſing | | 
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mrxovs barraſling taſk to ſhew by real experiment what haps 

ACTD. _ pens in this operation among the principles of nitre. 
Deflagration of When a combuſtible body and nitre are brought 
8 into contact, either of them being previouſly heated 


red hot, the body is burned with great rapidity, no 


doubt by the vital air which the nitre affords by the 


heat; for the experiment ſucceeds in vacuo, and alſo 
when the bodies are ſurrounded by any aerial fluid 
incapable of maintaining combuſtion. 'This rapid 
combuſtion, effected by means of nitre, is called defla- 
gration, when it is performed by a ſucceſſive burning 
Detonation. of the parts of the body; or detonation, when the com- 
buſtion of the whole is performed in ſo ſhort a time 
as to appear inſtantaneous. In this experiment it is 
remarkable that the combuſtion is maintained by vital 
air which is not in the elaſtic ſtate, but fixed in the 
nitre. Whence it ſhould follow, that either the vital 
air, or the combuſtible body, even in the fixed ſtate, 
has a great capacity for heat, of which it muſt contain a 
large quantity, on the hypotheſis of heat being matter. 
Or, if heat be a mere commotion, it will follow, that 
though the quantity of agitation produced by the ſud- 
den coalition of particles, in the act of converting an 
elaſtic fluid into a denſe body, be ſuch as to produce a 
great effect in increaſing the temperature; yet the 
quantity is ſtill ſo conſiderable, when vital air and 
combuſtible matter unite even in their denſe ſtate, as 
| to cauſe the moſt intenſe degree of ignition. 
Invention of This property of nitre has been applied to the pro- 
gunpowder. duction of a ſubſtance which has greatly affected the 
habits of human ſociety, particularly in thoſe wars 


which unfortunately their vices too often produce. 
The 


GUNPOWDER. 


The invention of gunpowder has totally changed the 
military ſyſtem of nations; and has probably ſuppreſſed 
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much of that malice and inveterate rancour which | 


aCtuate the minds of combatants who meet hand to 
hand, inſtead of managing the inſtruments of indiſcri- 
minate ſlaughter at a diſtance. This deſtructive pow- 


der is compoſed of ſeventy-five parts by weight of 8 


nitre, ſixteen of charcoal, and nine of ſulphur, inti- 
mately blended together by long pounding in wooden 
mortars, with a ſmall quantity of water. This pro- 
portion of the materials is the moſt effectual; but the 
circumſtance on which its effect more particularly de- 
pends 1s, the accurate mixture of the parts. Gunpow- 
der is granulated by making the maſs into a ſtiff paſte, 
and agitating it upon a wire ſieve, which cuts it into 
ſmall parts; and theſe being ſhaken, or rolled in a 
barrel, take a rounded form by their mutual friction 
againſt each other. When any grain of a heap of 
gunpowder is ſet on fire, the detonation begins, and, 
is propagated with amazing rapidity through the in- 
terſtices of the grains; a large quantity of permanently 
elaſtic fluid, conſiſting of one-third fixed air, and the 
reſt phlogiſticated air *, being at the ſame time pro- 


Compoſition of 


unpowder. 


duced. The expanſion of the elaſtic products is the 


cauſe of the well-known effects of gunpowder. It is 
faid that gunpowder is much weaker for being granu- 
lated, If the grains be pulverized, it is certain that 
the effect is much leſs, on account of the inflammation 
being propagated more ſlowly ; but the aſſertion may 


nevertheleſs be true of powder which is newly made 


* Berthollet, in the Mem, Acad. Par. r7$r, page 231. 
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xITROUS and has never been grained: Gunpowder which hag 
\ 2©1P-' | been ſuffered to become damp, ſcarcely ever recovers 
its former force; moſt probably becauſe the nitre, by 
a partial ſolution, becomes ſeparated from the maſs in 
more diſtin ſaline cryſtals than before; and the 
wetting, which is neceſſary to the proceſs of granu- 

lating, may weaken the powder in the ſame way. 
When three parts by weight of nitre, two of mild 
vegetable alkali, and one of flowers of ſulphur, are 
rubbed together in a warm mortar, they compoſe a 
Fulminating powder known by the name of fulminating powder. 
Oy” The effects of this powder, when fuſed in a ladle, and 
then ſet on fire, are aſtoniſhing. The whole of the 
melted fluid explodes with an intolerable noiſe ; and 
the ladle is commonly disfigured, as if it had received 
a ſtrong concuſſion downwards, A drachm of the 
powder makes a report as loud as a cannon ; but 
the noiſe of a ſew grains is ſufficiently unpleaſant in a 
roem. It has very little effect, unleſs firſt melted. 
A mixture of liver of ſulphur with twice its weight of 
nitre, produces the ſame exploſion, though in leſs time; 
whence it appears that the alkali and ſulphur of the 
former preparation form a liver of ſulphur ; and that 
the exploſion, in all probability, ariſes from the ſudden 
extrication of hepatic air from the liver of ſulphur, and 
vital air from the nitre, which burn the inſtant they 

are formed, 

Diſtillation of If clay, bole, or alum, be mixed with nitre, and ex- 
. e poſed to diſtillation, the nitre is decompoſed, and the 
acid comes oyer ; the attraction between itſelf and the 
alkali being weakened, partly by the attraction which 
the vitriolic acid uſually contained in thoſe bodies 


has 
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pas for its alkali, and partly by the attraction exerted NiTRoUS 
between the lame alkali and the ſiliceous earth of the 3 - 
clay. If ſtrong vitriolic acid be added to nitre in a 

retort, the ſame decompoſition takes place with the 

application of much leſs heat, by virtue of the ſupe- 

rior attraction of the acid of vitriol to the alkaline 

baſe. | 

Nitrous acid is uſually yellow, and emits ſuffocating 
ſumes of the ſame colour; but it may be rendered 
pure and colourleſs by a flight boiling in a retort. 

Aqua fortis is a weak ſpirit of nitre, and not remark- 
ably pure. It uſually contains ſome marine acid: 

The affayers purify their nitrous acid by adding a 
ſmall portion of the nitrous ſolution of ſilver. This 
metal unites with the marine acid it may contain, and 
falls down in the form of an inſoluble compound. 

Care muſt be taken to avoid adding too much. 

This acid, in combination with calcareous earth, Nitrous acid 
forms a ſalt whoſe cryſtals deliqueſce by expoſure to ä 
the air. It is ſoluble in twice its weight of cold, or 
its own weight of boiling water. With ponderous —with ponde- 
earth it forms a ſalt of difficult ſolubility. With mag- — 
neſia it forms an acrid bitter ſalt, which is very ſoluble 
in water, and deliqueſcent in the air. With clay it —aad clay: 
forms an auſtere ſalt of difficult ſolution. None of 
theſe have yet been applied to any uſe. 

With the mineral alkali this acid forms a ſalt —withmineral 
called quadrangular nitre, from the uſual form of its 
cryſtals: About three times its weight of water is 
required to hold it in ſolution in a mean temperature, 
and it is ſcarcely more ſoluble in hot water. Its 
properties reſemble thoſe of common nitre ; but it is 

M leſs 
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xiTROUs leſs fit for making gunpowder, becauſe it attracts the 
humidity of the air. 

— The nitrous acid, in combination with the volatile 
alkali, forms nitrous ammoniac; a ſalt which lightly 
attracts the humidity of the air, and is ſoluble in leſs 
than its own weight of water. If this ſalt be expoſed 
to heat in cloſed veſſels, it ſuddenly explodes ; part of 
the acid and alkali is deſtroyed; and the atrial pro- 
duct is phlogiſticated air. 

Production of If a mixture of two parts by meaſure of vital air, 

nitrous acid. obtained without the uſe of nitrous acid, and one of 
phlogiſticated air—or, which is the ſame thing, five 
parts of vital, and four of common air—be expoſed 
to the action of the electric ſpark in the upper part 
of a ſyphon, in which it may be confined by mercury; 
and a ſmall quantity of foap lees, or ſolution of pure 
vegetable alkali, be admitted into the cavity which 
contains the air ; an abſorption will take place, and 

Nitrous acid nitrous acid will be produced, as appears by the alkali 

Mr _ being converted into true nitre. This is a ſlow ope- 
ration, and requires the quantity of air in the ſy- 
phon to be renewed very often, to ſupply the abſorp- 
tion“. It has likewiſe been found that this acid is 
produced by expoſing vital air for a long time to the 

—by M. Thou- exhalations of putrefying animal ſubſtances, together 

2 2 with calcareous earth, or any other proper baſe to 
receive and combine with it f. There can be little 


* For the detail of the particulars of this moſt curious expe» 
riment, conſult Mr. Cavendiſh's papers, in the Phil, Tranf, 
vol. IXXv. p. 372; and vol. Ixxvili. p. 255. 

+ This is the diſcovery of M. Theuvenel. See his Prize Difſer- 
tation on the Formation of Nitre, 
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doubt but the putrid exhalations conſiſted chiefly of wirzovs 


phlogiſticated air. It appears therefore that this ſub- 
ſtance bears the ſame relation to the nitrous acid as 


ſulphur does to the vitriolic. As ſulphur by combuſ- 1aference. 


tion, in which vital air is an indiſpenſable requiſite, 
becomes converted into vitriolic acid, ſo phlogiſticated 
air becomes converted into nitrous acid; though, on 
account of its being leſs combuſtible, the red heat 
cannot be produced and kept up without the co- opera- 
tion of electricity: and as ſulphur, when in contact 
with the pure air of the atmoſphere, and with a baſe 
proper for combining with the vitriolic acid, is con- 
verted into that acid by a flow combuſtion in the py- 
rites ; ſo the like expoſure of phlogiſticated air, in con- 
tact with calcareous earth, to vital air, produces nitrous 
acid, though much more ſlowly, becauſe the baſe is leſs 
combuſtible. 


It has already been mentioned that volatile alkali is a Nitrous acid 


- compound of phlogiſticated and inflammable air.— 
Hence in ſeveral metallic ſolutions, wherein inflam- 
mable air might elſe have been extricated, a production 
of volatile alkali has been obſerved to take place. 
This is naturally accounted for by the combination of 
the inflammable air with the phlogiſticated air of the 
nitrous acid, while the other componc ut part of the 


acid, namely the vital air, is employed in calcining the 


metal. The Rev. Iſaac Milner firſt thought of in- 
verting this proceſs, and his attempts were crowned with 
the happieſt ſucceſs. He concluded, that if by any 
effect of the chemical affinities vital air could be made 
to engage with the phlogiſticated air of volatile alkali, 


at the ſame time that the other principle, namely the 
M 2 | inflam- 
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x1TROUS inflammable air, ſhould be either retained or diſengaged, 
ACID. the reſult of ſuch firſt combination would be the 
nitrous acid in ſome of its modifications. 

For this purpoſe, he crammed a gun barrel full of 
manganeſe in coarſe powder, which ſubſtance is known 
to obtain vital air by heat; and to one end of this tube 
be applied a retort containing the cauſtic volatile 
alkali. | 

Heat was then applied to the gun barrel; and, as 
ſoon as it was ignited, he placed a candle beneath 
the retort, which cauſed the volatile alkali to boil, and 
paſs through the gun barrel in the form of alkaline air: 
the conſequence was, that nitrous air was emitted at 
the other end of the tube. 

He likewiſe repeated the experiment with ſucceſs, 
uſing martial vitriol calcined to whiteneſs, inſtead of 
manganeſe*, | 

Nitrous acid The nitrous acid acts with peculiar energy on com 
ws — buſtible ſubſtances, which it burns or calcines; and 
during moſt of theſe proceſſes a peculiar kind of air 
flies off, which is called nitrous air. It is produced 
by the ſolution of many of the metals, by moſt vege- 
Nitrous air, table, and ſome animal ſubſtances. This aerial fluid 
is not rapidly imbibed by water, and may therefore 
for temporary uſe be received over it. It is not heavier 
than common air; and poſſeſſes the remarkable pro- 
perty of ſuddenly uniting with vital air, with which 
it forms nitrous acid. The mixture of theſe two 
kinds of air forms a red cloud, which is imbibed by 


Mr. Milner's experiments are inſerted in the Ixxixth vol. of the 
Phil. Tranſ, The whole paper is highly deſerving the attention of 
chemiſts, 

the 
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the water, and renders it acid, if the experiment be Nitrous 
performed over that fluid; and; from examination of ein. 
this acid water, it is proved that the cloud is the ni- 

trous acid itſelf, From this circumſtance Dr. Prieſtley Dr. Prieftley's 
inſtituted a method of determining the purity or re- a — 
ſpirability of the air of the atmoſphere, or any other !*{pirability of 
permanently elaſtic fluid. He found, by a variety of 
experiments, that when nitrous air and any other air 

are mixed, they undergo no change, if the latter be to- 

tally unfit to ſupport combuſtion or animal life; but, if 

the contrary, the red cloud is formed; and the whole 

bulk of the mixture is diminiſhed by a quantity which 

is ſo much the greater, accordingly as the air in 

queſtion is of a quality more ſuited to thoſe purpoſes. 

This diminution he likewiſe proved to conſiſt of a 
proportional part of the air which is tried, together 

with as much of the nitrous air as 1s required to pro- 

duce the effect; ſo that, if the nitrous air be duly pro- 

portioned to the effect, it will wholly diſappear. 

Ihe trial of the purity of common air by means of ImperfeQions 
. . 1 of the trial 
nitrous air, has not however been found to exhibit air by t itt 

ſuch remarkable differences between the air taken up *. 
at various places as their known ſalubrity or un- 
healthineſs might have given reaſon to expect. Two 
reaſons may be offered to account for this. The firſt 
is, that a ſmall difference in the purity of the air 
of a place may have a very conſiderable effect on the 
health of thoſe who are obliged to breathe it for a- 
long ſucceſſion of time: the ſecond is, that, the effects 
of nitrovs air being the ſame upon elaſtic fluids which 
contain equal proportions of vital air, however greatly 
their other component parts may differ in their pro- 
M 3 perties, 
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Eudiometers. 


METHOD OF AscERRTAITINING 


perties, it will only be ſhewn that the airs are equally 
ſalubrious, as far as depends on their proportion of 
vital air, though they may by no means be ſo with 
regard to their noxious parts. 

There are ſeveral ingenious contrivances, called eu- 
diometers, for the mixing of nitrous and other air, 
and meaſuring their diminution. As theſe however 


are not eaſily procured, and more eſpecially as Dr. 


Dr. Prieſtley's 
method of aſ- 
certaining the 


Purity of air: 


Prieſtley, whoſe experience is greater than that of any 
other philoſopher, uſes a ſimple tube, it does not ſeem 
neceſſary to deſcribe them here. The doCtor's 3 
is as follows: 

He firſt provides * a Phil containing about an ounce 
of water, which he calls the air meaſure. This he 
fills with air, by having firſt filled it with water, and 
placed it over the opening of the funnel, in his ſhelf 
(fig. 15); and when it is filled, he ſlides it along the 
ſhelf, always obſerving that there be a little more air 
than is wanted. The phial being thus exactly filled 
with the air he is about to examine, and care being 
taken that it be not warmed by holding in the hand, he 
empties it into a jar of about an inch and a half in dia- 
meter; and then introduces to it the ſame meaſure of 
nitrous air, and lets them continue together about two 
minutes. Ihe Doctor chooſes to have an overplus of 
nitrous air, that he may be ſure that its effect may be 
the utmoſt poſſible. If he finds the diminution of 


theſe two meaſures to be very conſiderable, he intro. 


duces another meaſure of nitrous air ; but the pureſt 
vital air will not, he belieyes, require more than two 
meaſures of nitrous air. 


# Ne iv. p. 30. I give the account nearly in his words. 
Somes 


THE PURITY OF AIR, 


Sometimes he leaves the common and nitrous air NiTRovs 
in the jar all night, or a whole day; but he ea 
takes care, whenever he compares two kinds of air, 
that both ſhall remain the ſame length of time in the 
veſſels, before he notes the degree of diminution. 

When the preceding part of the proceſs is over, he 
transfers the air into a glaſs tube, about three feet long, 
and one third of an inch wide, carefully graduated ac- 
cording to the air meaſure, and divided into tenth and 
hundredth parts ; ſo that one of the hundredth parts 
will be about a ſixth or an eighth of an inch. Then 
immerſing the tube in a trough of water, ſo that the 
water in the inſide of the tube ſhall be on a level with 
the water on the outſide, he obſerves the ſpace occu- 
pied by the atrial mixture; and expreſſes the reſult in 
meaſures and decimal parts of a meaſure, according to 
the graduation of the tube, 

It is ſome trouble to graduate a tube in this manner ; Eudiometer 
but when it is once done, the application of it is ex- e. 
tremely eaſy. As it ſeldom happens that a glaſs tube 
is of an equal diameter throughout, the Doctor gene- 
rally fills that part of the tube which contains one 
meaſure with quickſilver; and then weighing it and 
dividing it into ten parts, he puts them in ſeparately, 
in order to mark the primary diviſions. The weigh- 
ing is rendered very eaſy by the help of a glaſs tube, 
drawn to a. fine orifice, which ſerves to fake up a 
ſmall quantity at a time, as may be required in making 
the adjuſtment. | 

It has been already obſerved that common air loſes 
about one fourth of its bulk by any proceſs equivalent 

M4 to 
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ACTION OF NITROUS ACID ON ANIMAL SUBSTANCES. 


to combuſtion. This alſo happens when it is mixed 
with nitrous air. 

When the nitrous acid acts upon the fleſh, or other 
parts of animal ſubſtances, the elaſtic fluid which is 
firſt and moſt plentifully diſengaged is phlogiſticated 
air. In this experiment the phlogiſticated air may 
come from the animal ſubſtance, or the acid, or both; 
fince both contain it. It appears however to be much 
more probable that the whole comes from the animal 
ſubſtances ; for it is afforded by the application of a 
very weak nitrous acid, at ſo low a temperature as 659 
or 70®; both which circumſtances do not appear to in- 
dicate a decompoſition of the acid. The nitrous acid, 
after its action, ſaturates as large a quantity of alkali 
as before x. The quantity of phlogiſticated air is in pro- 


portion to the quantity of volatile alkali which the ani- 


mal ſubſtance made uſe of affords by diſtillation: and 
it is known that the quantity of phlogiſticated air con- 
tained in any animal ſubſtance muſt be in this pro- 
portion. And laſtly, at a greater heat, after the phlo- 
giſticated air has come over, there is a diſengagement 
of nitrous air, which indicates a leſs complete decom- 
poſition of the acid than that which would have afforded 
phlogiſticated air: and it is not conſonant with other 
chemical facts, that the complete decompoſition of the 


* The quantity of alkali ſaturated by an acid being different 
according to the ſtate of the acid, with regard to what is called 
phlogiſtication, this proof cannot be admitted as abſolutely con- 
clufive, unleſs the ſame quantity of true nitre be formed in both 
caſes. I do not find whether this has or has not been done. See 


Annales de Chimie, i, 42, 
grid 
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acid ſhould happen at a lower heat than the partial x1rzovs 


decompoſition which ſucceeds it. | W. 

Water will imbibe about one tenth of its bulk of Various fluids 
nitrous air, which, if immediately expelled by heat, is — * 
not found to be changed in its properties. The reſi- 
duum which is not imbibed is phlogiſticated air. The 
vitriolic acid abſords nitrous air, and aſſumes a purple 
colour. The marine acid imbibes it, and becomes 
blue. Ether, alkaline liquors, and ſpirit of wine, alſo 
abſorb it, | 

The electric ſpark diminiſhes nitrous air about one Diminution of 
half, and converts it into phlogiſticated air, at the ſame electricity, * 
time that acid is depoſited. Iron filings and brim- 
ſtone, liver of ſulphur, or iron alone, being expoſed to 
nitrous air, diminiſh it, and convert it into phlogiſti- 
cated air. But the moſt ſingular circumſtance in 
theſe proceſſes is, that, though they are of the nature 
of combuſtion, and do in the end render air perfectly 
unſit for maintaining it, yet, at a certain period before 
this, the air is put into a ſtate in which a candle burns 
in it better than in common air, though it ſtill conti- Dephlogiſticat- 
nues perfectly deſtructive of animal life. Dr. Prieſtley i nitrous air. 
calls this dephlogiſticated nitrous air. 

If nitrous acid be expoſed to nitrous air, the latter Abſorption of 
is abſorbed in large quantities; and the colour of the — wok, 
acid changes firſt at the ſurface, and gradually through cid. 
the whole of the liquid: the ſucceſſions of colour are 
firſt yellow, then deep orange, next green, and laſtly 
blue, according to the quantities of nitrous air abſorbed, 

This abſorption renders the acid much more volatile, 
Hence it appears that the various colours of nitrous 


acid are owing to its having abſorbed nitrous air, 
which 
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N1TROVS which continually eſcaping, and combining with the 
Acid. 
fumes it uſually emits when in an open veſſel. 
Pale nitrous The pale or dephlogiſticated nitrous acid, if ex- 
acid, becomes . p . . 
yellow: poſed to the action of light, gives out pure air, and it- 
ſelf becomes yellow and fuming. Heat alſo produces 
Dis capable of the ſame effect. The nitrous acid itſelf appears to be 


m. capable of ſubſiſting in the atrial form, though its 


form. 


power of combining with water, mercury, or any other 


fluid uſed for confining it, prevents experiments from 
being made upon it with the ſame facility as with other 
kinds of air. Water impregnated with this air or va- 
pour becomes ſucceſſively blue, green, and at laſt yel- 
low, when it has received an increaſe of one third of 
its bulk. This water emits a great quantity of nitrous 
air, and does not ſeem to differ eſſentially from pure 
nitrous acid which has imbibed nitrous air. 
Inflammation One of the earlieſt known facts of ſpontaneous in- 
eſſential oils 
by nitrous flammation is that produced by the affuſion of the 
2285 nitrous acid upon oil. All the oils obtained by diſtilla- 
tion from vegetables, and known by the name of eſſen- 
tial oils, are proper for this experiment. An ounce of 
the oil intended to be ſet on fire muſt be placed in a 
| ſhallow veſſel, and a bottle containing an ounce of the 
moſt concentrated nitrous acid muſt be faſtened at the 
end of a pole, that the operator may be ſufficiently diſ- 
tant from the inflammation. Two thirds of the acid 
being poured on the oil, makes a conſiderable ebulli- 
tion; the oil growing black and thick, and ſometimes 
taking fire. But if this laſt circumſtance does not 
happen in five or ſix ſeconds, the remainder of the acid 
muſt be poured where the mixture appears moſt dry 
and 


vital air of the atmoſphere, forms the yellow or reddiſh 
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and black; and then the inflammation ſeldom fails to wiTrovus 


take place, 


ACID. 


| — 
Fat oils may alſo be inflamed, if equal parts of the of fat oils: 


nitrous and vitriolic acids be firſt poured on them, 
and, when the ebullition is at the greateſt, a portion 
of nitrous acid be poured on the drieſt part. 


Strong nitrous acid, of the ſpecific gravity of 1.54, —of charcoal, 


being added to the powder of charcoal, or lamp black*, 
recently made very dry, takes fire, and detonates. 
There is ſome uncertainty in this experiment; but the 
method which is ſaid to enſure ſucceſs, is, to put the 
dry powder into a very dry retort, and pour the acid 
upon the fide of the glaſs, ſo that it may not fall upon 
the powder, but flow beneath it. 

The production of heat in theſe phenomena, which 
doubtleſs ariſes from the action exerted between the 
combuſtible body and the vital air of the acid, has not 
yet been explained in an adequate manner from expe- 
riments tending to ſhew how the capacities of the bo- 
dies are changed by the proceſs. 


or lamp black, 


On a review of the facts in the foregoing chapter, it Recapitulation 


will not be difficult to apply in a general way the ſame 
theories as were exhibited in treating of the vitriolic 
acid. The preparation of nitre beds conſiſts ſimply in 
a proceſs by which the exhalations of putrid ſubſtances 
may combine with vital air, and the product be receiv- 
ed into a combination with calcareous earth, or with 
the alkali of decayed vegetables; and the ſubſequent 
manipulations are the mere application of water, to ſe- 
parate the ſeveral matters from each other according 


#* Prouſt in the Journal de Medecine, for July 1778. 
to 
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THEORETICAL DEDUCTIONS RESPECTING 


to their reſpeQive degrees of ſolubility. That nitrous 
acid contains vital air, is evident from the diſtillation 
of nitre without addition; and that in the acid it is ap- 
plied to, or combined with, phlogiſticated air, appears 
equally clear from the * experiment of Mr. Cavendith, 
and from the frequent appearance of this aerial ſub- 
{tance in experiments with nitrous air. The queſtion 
in this proceſs therefore ſeems to be, whether the air 
called phlogiſticated air do really contain an inflam- 
mable principle, which it gives out during combina- 
tion with the vital air; or whether it ſimply unite to 
this laſt ? Upon the former ſuppoſition, the theory of 
the general facts will be as follows: 

Nitrous acid conliſts of vital air united to a certain 
proportion of phlogiſticated air, which has been de- 


prived of phlogiſton during combination. When a 


Theory. 


Page 164. 


Page 167, 


combuſtible body is preſented to this acid, it becomes 
corroded or burned ; that is to fay, it combines with 
ſome of the vital air, and parts with ſome of its own 
phlogiſton. In this ſtate the acid is no longer the 
ſame; for it has loſt vital air, and part of its phlogiſti- 
cated air has regained phlogiſton, It therefore emits 
either nitrous air, which is an imperfect nitrous acid, 
wherein the phlogiſton is too abundant, and the vital 
air too deficient, to exhibit acid properties; which on 
that account readily abſorbs vital air, and is by that 
means precipitated again in the original acid form: 
or, if the decompoſition be more completely made, the 
quantity of vital air abſorbed, and of phlogiſton emit- 
ted, by the combuſtible body, may be ſuch as that only 


- phlogiſticated air ſhall be extricated, as is the caſe with 


* Phil Tranſ. quoted, page 152, N 
| animal 
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animal ſubſtances. Again, the compoſition of nitrous 
air being thus eſtabliſhed, if the electric ſpark be ap- 
plied to produce ignition in this aerial fluid, the ſmall 
portion of vital air intimately unites with as much of 
the phlogiſticated air as is required to form nitrous 
acid, and leaves the reſidue of phlogiſticated air be- 
hind : or, if any proceſs of ſlow combuition be carried 
on in it, the whole of the vital air is abforbed, and as 
much phlogiſton extricated as converts the reſidue into 


phlogiſticated air. It is evident that the abſorption of 


nitrous air muſt equally alter the proportions of the 
component parts of the nitrous acid, and produce ſimi. 
lar effects. . 

The ſingular properties of the air called dephlogiſti- 
cated nitrous air have not been ſatisfactorily explained 
upon any theory, 

It is obvious that the explanation of theſe events 
may be made at leaſt with equal facility according to 
the other theory. Phlogiſticated air and vital air are 
applied to each other under certain circumſtances, 
and nitrous acid is produced. Hence it 1s concluded 
that theſe atrial ſubſtances have united together, and 
are the component parts of nitrous acid. When an 
inflammable ſubſtance is burned, or a metal calcined, 
by the aCtion of this acid, one of its component parts, 
namely, vital air, unites with the body; and the ſurplus 
of the other principle, namely, phlogiſticated air, flies 
off either alone, or in combination with a ſufficient 
portion of vital air to form nitrous air. The addition 
of vital air to this laſt aerial product completely forms 
nitrous acid; the ſubtraction of the vital air it poſſeſſes 
muſt change it into phlogiſticated air. 

| The 
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Ibis. 


Ibid. 
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THEORETICAL DEDUCTIONS RESPECTING 


The phenomenon of nitrous acid becoming yellow 
and fuming by the action of light or heat, will ſhew 


_—_ of light, that it receives phlogiſton, according to the ancient 


Theory, 


Keir's com- 
pound acid. 
See chap. ii. 
book ii. 


hypotheſis. As it ſeems however to be a bold ſuppo- 
ſition, that either light or heat, conſidered as matter, 
can transfer the inflammable principle through glaſs 
veſſels, the fact has been more ingeniouſly explained 
by recourſe to the decompoſition of water. It is 
aſſerted that the nitrous acid attracts the inflammable 
air, or phlogiſton, of the water, and ſets its vital air 
at liberty. According to the antiphlogiſtic theory, it 
is ſimply ſaid that heat or light expels part of the vital 
air from the nitrous acid, as the event ſnews; and that 
the reſidue, having an over-proportion of phlogiſticated 
air, is of courſe coloured and fuming. 

The reader may eaſily apply theſe theories to the 
combuſtion of oils or charcoal by the nitrous acid, as 
far as the facts can be clearly ſtated, or are known: 
for theſe are doubtleſs of the ſame nature as other 
combuſtions. 

It is a late diſcovery of Mr, Keir®*, that a mixture of 
the concentrated vitriolic and nitrous acids forms a 
ſolvent peculiarly calculated to diſſolve ſilver in a large 
proportion; though it has ſcarcely any efficacy in ſuſ- 
pending any other metallic ſubſtance. He forms it 
by diſſolving nitre in concentrated vitriolic acid. Tin, 
mercury, and nickel, are ated upon, and chiefly cal- 
cined, by this compound acid; the latter being diſſolv- 
ed in a ſmall quantity: but it has little or no action 
upon the other metals. Dilution with water renders 
it leſs capable of diſſolving ſilver, but more active with 


regard to the other metals. 


Pil. Tranf, vol. Ixxx. p. 373. It 


THE NITROUS ACID. 


the change called phlogiſtication, and emits nitrous 
fumes ; the nitrous acid probably loſing its acidity in 
proportion as the ſulphur becomes acidified. Its affi- 
nities, or ſolvent powers, are conſiderably changed by 
this proceſs. The ſame phlogiſticated acid is afforded, 
if the nitrous vapour or air be added to vitriolic acid, 
inſtead of common nitre; or if nitre with baſis of vola- 
tile alkali be uſed. 


CHAP, 


„ 
If this acid be digeſted upon ſulphur, it undergoes niTROVS 
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. COMMON SALT: 


CHAP. III. 


OF THE MARINE ACID AND ITS COMBINATIONS, INs 
CLUDING AQUA REGIA. 


HE marine acid is obtained from common culi- 

nary falt, in which it is united to the mineral 
alkali. Common ſalt is found in large maſſes, or in 
rocks, under the earth, in England and elſewhere. 
There are alſo many falt ſprings in various parts of 
the world; and the waters of the ocean every where 
abound with it, though in different proportions. The 
water of the Baltic ſea “ is faid to contain one ſixty- 
fourth of its weight of ſalt; that of the ſea between 
England and Flanders contains one thirty-ſecond part; 
that on the coaſts of Spain one ſixteenth part; and 
between the tropics it is ſaid, perhaps erroneouſly, 
to contain from one eleventh to one eighth part. 

The whole art of extracting falt from waters which 
contain it, conſiſts in evaporating the water in the 
cheapeſt and moſt convenient manner. In England, 
a brine compoſed of ſea water, with the addition of 
rock ſalt, is evaporated in large ſhallow iron boilers 
and the cryſtals of ſalt are taken out in baſkets. In 
Ruſſia, and probably in other northern countries, 
the ſea water is expoſed to freeze; and the ice, which 
is almoſt entirely freſh, being taken out, the remaining 
brine is much ſtronger, and is evaporated by boiling. 


* Rome de 1'Ifle's Cryſtallographie, vol. i. p. 375, quoted by Ma- 
tellan in his improved edition ef Cronſtedt, p. 360. 
In 


EXTRACTION OF COMMON SALT. 


In the ſouthern parts of Europe the falt- makers take 


advantage of ſpontaneous evaporation. A flat piece 
of ground near the ſca is choſen, and banked round, 
to prevent its being overflowed at high water. 'The 
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ſpace within the banks is divided by low walls into ſe- 2 me- 


. . c 
veral compartments, which ſucceſſively communicate 


with each other. At flood tide, the firſt of theſe is 
filled with ſea water; which, by remaining a certain 
time, depoſits its impurities, and loſes part of its aque- 
ous fluid, The reſidue is then ſuffered to run into the 


next compartment z and the former is again filled as 83 


before. From the ſecond compartment, after a due 
time, the water is transferred into a third, which is 
lined with clay, well rammed, and levelled: At this 
period the evaporation is uſually brought to that de- 
gree, that a cruſt of ſalt is formed on the ſurface of 


the water, which the workmen break, and it immedi- —from the was 
ters 


ately falls to the bottom. They continue to do this 
until the quantity is ſufficient to be raked out, and 
dried in heaps. This is called bay ſalt. 


In ſome parts of France, and alſo on the coaſts of - —of the ſea 


China, they waſh the dried ſands of the ſea with a 
ſmall proportion of water, and evaporate this brine in 
leaden boilers. 


At ſeveral places in Germany, and at Montmarot in and alt 


France, the waters of ſalt ſprings are pumped up to 


a large reſervoir at the top of a building or ſhed; from 


which it drops or trickles through ſmall apertures upon 
boards covered with bruſh wood. The large ſurface of 
the water thus expoſed to the air, cauſes a very conſi- 
derable evaporation; and the brine is afterwards con- 

N veyed 


ſprings. 
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ERYSTALS OF COMMON SALT. 


veyed to the boilers for the perfect ſeparation of the 
ſalt. | 

The water of the ſea contains, beſides, the common 
falt, a conſiderable proportion of magneſian marine 
falt, and ſome gypſum, or lime combined with vitriolic 
acid. The magneſian ſalt is the chief ingredient of 
the remaining liquid which is left after the extrac- 
tion of the common ſalt, and is called the mother 
water. Sea water, if taken up near the ſurface, con- 
tains alſo the putrid remains of animal ſubſtances, 
which render it naufeous, and in long continued 
calms cauſe the ſea to ſtink. 

The cryſtals of common ſalt are right-angled ſix- 


ſided ſolids, and are uſually ſaid to be cubes. Theſe 


form at the ſurface, where the evaporation is the 
greateſt; and they float by virtue of the repulſive 
power of their dry upper ſurfaces, which diſplaces a 
quantity of the ſurrounding water: a circumſtance 
common to all ſuch ſmall bodies as are not eaſily 
wetted, When the cryſtal becomes too large to be 
fuſpended in this way, it ſinks. If two floating cryſ- 
tals come ſo near each other as that the hollow ſpaces 
may communicate, they fall together into one cavity 
at the ſurface, without ſinking ; and the ſucceſſive ap- 
poſition of other cryſtals often produces a curious 
hollow pyramid, which is ſquare, becauſe the figure 
of the cryſtals themſelves occaſions them to apply to 
each other only in the poſition required to produce 
ſuch a ſolid, | 
Common ſalt does not alter in the air; but when 
expoſed to heat, it cracks and flies in pieces, by the 
| eſcape 
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eſcape of its water of cryſtallization. A greater heart MARINE 
- ACID, 


ignites and melts it; and a {till greater cauſq; it to riſe , - 
totally in white fumes. The action of 2 upon | 
earths is not conſiderable. It aſſiſts the fuſion of fili- 

ceous earth ; and is thrown into the furnace wherein 

the pottery called ſtone-ware is baked, where it riſes 

in fumes, and glazes their ſurface ; probably by the 
combination of its alkali with the filiceous earth con- 

tained in the clay. The decompoſition of ſea ſalt by 

litharge has already been mentioned in treating of Page 122. 


the mineral alkali. 

The marine acid may be obtained from common bpiſtillation of 
ſalt by proceſſes ſimilar to thoſe deſcribed for pro- COR 
curing the nitrous acid in the preceding chapter. The falt. 
moſt effectual and elegant way conſiſts in applying 
one part by weight of ſtrong vitriolic acid to three 
of decrepitated ſea ſalt, in a retort whoſe upper part 
is furniſhed with a tube or neck, through which the 
acid is to be poured upon the falt. The aperture of 
this tube muſt be immediately cloſed with a ground 
ſtopper after the pouring. The vitriolic acid immedi. 

-ately combines with the alkali, and expels the marine 
acid in the form of a peculiar air; which is rapidly Marine acid 
abſorbed by water, but may be confined by mercury. 
As this combination and diſengagement take place 
without the application of heat, and the atrial fluid 
eſcapes very readily, it is neceſſary to arrange and 
lute the veſſels together before the vitriolic acid is 
added, and not to make any fire in the furnace until 
the diſengagement begins to ſlacken ; at which time 
it muſt be very gradually raiſed. Before the modern 
improvements in chemiſtry were made, a great part of 

N 2 the 
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_ Diſtillatione- 
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Air: 


— its corroſive 
nature. 


MARINE ACID AIR» 


the acid eſcaped, for want of water to combine with; 
but by the uſe of the apparatus, fig. 21 or 22 (or a 
combination of veſſels equivalent to both of them), the 
acid air is made to paſs through water, in which it 
is condenſed, and forms marine acid of double the 
weight of the water, though the bulk of this fluid is 
increaſed one half only. The acid condenſed in the 
firſt receiver, which contains no water, is of a yellow 
colour, ariſing from the impurities of the alt. 

Heat expels the marine acid air from marine 
acid, and leaves the water behind. The fumes of 
ſpirit of ſalt conſiſt of this air in the act of uniting 
with the watery vapours of the atmoſphere, which 
render it viſible. This air has nearly the ſame aſſini- 
ties as the acid itſelf in the fluid form. The electric 
exploſion diminiſhes it a little; but the remainder is 
almoſt totally ſoluble in water as before. 

It is an object of conſiderable importance to the 
practical chemiſt, to be aware of the corroſive nature 
of this acid air. If che proceſſes in which it is ſet at 
liberty be carried on in a room where balances and 
other metallic inſtruments are kept, though the quan- 
tities may not be perceptible by the ſmell or otherwiſe, 
yet the inſtruments will in the courſe of a few days 
be covered with ruſt, It is indeed by no means pru- 
dent to keep, or make uſe of, any delicate metallic in- 
ſtruments in the ſame apartment which is appropriated 


to chemical proceſſes. | 


Salt of Sylvius. 


The marine acid, in combination with the vegetable 
alkali, forms a ſalt called ſalt of Sylvius, or, impro- 
perly, regenerated ſea ſalt. It is of a bitter taſte, 


ſlightly deliqueſcent, and ſoluble in about three times 
its 
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its weight of water. This is ſometimes uſed in me- marine 
Reine, ACID, 

With the volatile alkali it forms common fal am- $3 anne. 
moniac, which is a conſiſtent ſalt, of a ſharp briny 
taſte; and fo remarkably deficient in the uſual brittle- 
neſs of this claſs of bodies, that it is not eaſily pul- 
verized. It is ſoluble in between three and four times 
its weight of water, in a common temperature. By 
heat it ſublimes entire in cloſed-veſlels. 

The ſaline combination of lime with marine acid is jy, .;.. ſele- 
© ſometimes called marine ſelenite, and ſometimes fixed nite. 
ammonlac; becauſe it forms the fixed reſidue after ſal 
ammoniac has been expoſed to diſtillation with lime. 

This ſalt may be obtained in the form of cryſtals, but 

it deliqueſces with air. It is ſoluble in leſs than twice 

its weight of cold water. The combination of lime 

and marine acid which remains after diſtilling ſal am- 

moniac, has uſually an over-proportion of lime. If it 

be urged by a violent heat, it fuſes; and when cold, 

it has the property of emitting a phoſphoric light 

upon being ſtruck with any hard body. Hence it is Homberg's 
called Homberg's phoſphorus, from the name of the 

firſt obſerver. 

The argillaceous marine ſalt has a . con- A en e- 
ſiſtence when diſſolved in a ſmall quantity of water, 2. 5 
Its taſte is ſtyptic, and it affords cryſtals by ſpontaneous 
evaporation. 

The combination of ponderous earth with marine Ponderous ma- 
acid forms a cryſtallizable ſalt of. difficult ſolution. ma 
Its ſolution is of admirable uſe for deteCting the pre- 
ſence of the vitriolic acid in any fluid; becauſe this 
air combines with the earth, and forms an inſoluble 

N 3 | preci- 
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MARINE precipitate of ponderous ſpar. It is more eſpecially 
AciP- uſeful for purifying the marine acid itſelf from the 
vitriolic acid, which it often contains. The exact 
quantity of ſolution neceſſary to be added for this 
purpoſe to any veſſel of marine acid, may be known by 
previous trials with ſmal} portions of the acid. 
Magneſian ma- Magneſian marine ſalt exiſts in all ſalt waters. It is 
8 85 ſoluble in leſs than its own weight of water; and can- 
not be obtained in the cryſtalline form but by firſt 
evaporating its ſolution, and then ſuddenly expoſing it 
to a great degree of cold. It is the cauſe of the bit- 
terneſs of ſea water: and, like moſt of the other ſalts 
laſt deſcribed, it is applied to no uſeful purpoſe. 
AQtion of ma- The marine acid has ſcarcely any action upon com- 
Tine acid upon . a - 
metals, buſtible ſubſtances in general. It acts directly upon 
| tin, lead, copper, iron, zinc, biſmuth, antimony, man- 
ganeſe, arſenic; but does not affect gold, ſilver, platina, 
mercury, wolfram, or cobalt. | 
— . — If the marine acid be diſtilled from about one fourth 
marine acid. of its weight of the black calx of manganeſe, a ſuffo- 
cating elaſtic fluid ariſes, which corrodes mercury, and 
is abſorbed by water. The impregnation of water with 
this fluid (which was named the dephlogiſticated ma- 
rine acid by its diſcoverer SCHEELE) may be conveni- 
ently performed by means of the apparatus, fig. 21 *. 
If the concentrated marine acid be uſed, the diſengage- 
ment takes place without heat; but if it be weaker, 
the application of a gentle heat is neceſſary. The 
common marine acid which may riſe 1s condenſed in 
the firſt bottle; and the dephlogiſticated acid unites to 


* Berthollet, in the Mem, Acad, Par, for 1785; and in Rozier's 
Journal for Sept. 1788. 
the 
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the water in the ſecond; the water, as it becomes ſa- MarixE 
turated, aſſumes a greeniſh yellow colour. When the 401. 
ſaturation is complete, the dephlogiſticated acid takes Dephlogiſti- 
a concrete form, and deſcends to the bottom in yel- £2790 or 40rd 
lowiſh flocks, provided the temperature of the water 
be only a few degrees above freezing. An increaſe 
of temperature, ſuch as may be produced by applying 
the hand to the veſſel, cauſes this concrete matter to 
aſſume the atrial form, and eſcape in bubbles to the 
ſurface. The taſte. of the ſolution is auſtere, but does 
not reſemble that of acids. It combines with fixed 
alkalis without cauſing them to give out their fixed 
air, if they be in a mild ſtate. Heated with lime, or 
fixed alkali, it emits vital air, and then forms the 
ſame ſaline combinations as the common marine acid 
would have done, It. diſſolves all metals directly, 
without affording inflammable air, as the marine acid 
does with ſome of them; and its ſaline combinations 
are, for the moſt part, the ſame as the common acid 
produces when made to combine with thoſe bodies. 
It deſtroys vegetable colours, rendering them white 
without firſt cauſing them to become red ; it bleaches 
wax; and in general produces immediately, in a va- 
riety of ſubſtances, the ſame changes as are effected 
by long expoſure to air. This property has already Annales de 
been applied with ſucceſs in manufactories. | 3 
When the azriform dephlogiſticated marine acid Salt into which 
is received in a ſolution of pure vegetable alkali, and def A 
the liquor evaporated, two kinds of ſalt are obtained, acid enters, 
The one is the common ſalt of Sylvius, which ſepa- 
rates from the fluid as the evaporation goes on ; and 
the other is a ſalt which, being more ſoluble in hot 
N 4 than 
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rine ſalt with 


ble alkali : 


. baſe of vegeta- 
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than in cold water, affords cryſtals by cooling. Thefe 
are of a long rhomboidal figure, and a ſilvery bril- 


Detonating ma- liancy; have an inſipid cooling taſte, reſembling nitre ; 


do not deliqueſce in the air; and detonate with char- 
coal, or with iron, more ſtrongly than nitre itſelf does. 
By heat alone they give out vital air; and the reſidue 
of their detonation with charcoal is the ſalt of Sylvius. 
Hence it is obvious, that a portion of the alkali has 
imbibed ſome of the dephlagiſticated marine acid, to- 
gether with the overplus of vital air contained in a great 
part of the reſt of the acid; and that this alkali forms 
the preſent ſalt; while the acid which was deprived of 


the overplus, and by that means reduced to the com- 


mon ſtate, forms the ſalt of Sylvius, which is in much 


alkali; 


— volatile al- 
kali - 


Theory. 


Action of light. 


the greateſt proportion in the ſolution. 


* 1 mineral If the mineral alkali be uſed, a ſalt nearly of the 


ſame nature is formed; but too deliqueſcent to afford 
cryitals. | 

Volatile alkali is decompoſed by the dephlogiſticated 
marine acid ; the vital air combining with its inflam- 
mable part, and the phlogiſticated air flying off. 

When the ſolution of dephlogiſticated marine acid 
is expoſed to the action of light, it emits vital air, and 
becomes converted into common marine acid. 

When we reaſon by analogy from the vitriolic and 
nitrous to the marine acids, we muſt conclude that 
this laſt conſiſts of a baſe of a combuſtible nature 
united to vital air. And as the greater combuſtibility 
of ſulphur, the baſe of the vitriolic acid, when com- 
pared with phlogiſticated air, or the baſe of nitrous 
acid, appears to be the cauſe why the action of the 


latter is more generally effectual upon combuſtible 
bodies, 
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bodies, to which it can with more facility transfer its Marine 
vital air, and probably receive phlogiſton from them „ , 
the ſame time; ſo the baſe of marine acid, being ap- Theory. 
parently leſs combuſtible- than even that of the ni- 
trous, may, in its ordinary ſtate of acidity, hold too 
ſmall a quantity of vital air, or too large a proportion 
of phlogiſton, to act with energy on other combuſtible 
bodies. But whenever it is combined with a ſurplus Action on 
of vital air from the, calx of manganeſe (which cer- — 28 
tainly contains it, becauſe it affords it by ſimple heat), 
it muſt act with great effect on bodies which are diſ- 
poſed to combine with that principle, for the ſame 
reaſon as the nitrous acid does; namely, becauſe it is 
eaſily, decompoſed. And this reaſon will in fact be 
the ſame, whether the action of acids be conſidered 
according to the modern theory, as conſiſting chiefly 
in the combination of vital air with the combuſtible 
body; or whether this laſt be ſuppoſed in the old 
theory to afford phlogiſton to the baſe, or other com- 
ponent part, of the acid. 
It muſt be confeſſed however, that the general cir- Acidity of ma» 


. — 3 5 i 0 
cumſtances attending the change which the marine — fe 


acid ſuffers by the acceſſion of vital air, are not ſtrictly the law of 

other acids. 
conſonant throughout with what happens to the 
other acids. The phlogiſticated vitriolic and nitrous 
acids are rendered more acid by the addition of vital 
air, which is generally admitted to be the chief prin- 
ciple of acidity. The marine acid, on the contrary, 
has its activity increaſed, by ſuch an addition or 
change, only with reſpect to combuſtible bodies; but 
is leſs active on the alkalis and earths, inſomuch that 
ſome writers haye thought it might be denicd to be an 


acid. 
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acid. From this inſtance acidity appears to have its 
limits, ſo as to conſiſt of a preciſe term of dephlogiſti- 
cation, or of ſaturation with vital air; and to be im- 
paired or deſtroyed by an exceſs either way. A full 
and adequate explanation of the changes of the ma- 
rine acid cannot but afford much advantage to the 
general theory of acids, which occupy ſo large a ſpace 
among the objects of chemical inquiry. 


Compoſition of When one or two parts of pale concentrated nitrous 


aqua regia : 


—otherwiſe. 


acid are mixed with four parts of fuming marine acid, 
an efferveſcence ſoon takes place“, and dephlogiſti- 
cated marine acid flies off in the aerial form, at the 
ſame time that the mixture becomes of a deep red 
colour. The mixed acid is called aqua regia; and has 
been long remarkable for its property of diſſolving 
gold, which is not ſenſibly ated upon by either of the 
acids that compole it. 

Aqua regia may be made by adding to nitrous acid 
any ſalt which contains the marine acid: for the affi- 
nity of the nitrous acid to the baſe being in moſt 
caſes ſtronger than that of the marine, this laſt is ſet 
at liberty; and conſequently the mixture, if the ſalt 
be not exceſſive in quantity, will contain the acids 
in a diſengaged ſtate. An aqua regia will there- 
fore be produced, which is not eſſentially impaired 
with reſpect to common uſes by the portion of ſalt 
it may hold in ſolution. It is uſual to make aqua 
regia by diſſolving ſal ammoniac in about four times 
its weight of ſtrong nitrous acid; but the reſults 


* PBerthollet, in Acad, Par. 1785. 
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of experiments or operations muſt vary confiderably 4 


according to the proportion and the ingredients made 
uſe of. 


REGIA. 


OD 


The nature of this mixed acid has not vet been The effects and | 


clearly aſcertained. After the diſcovery of the de- 
phlogiſticated marine acid, it was concluded, that the 
nitrous acid. performed the ſame office as the man- 
ganeſe does; that is, in fact, that ir either deprives 
the marine acid of phlogiſton, or affords vital air to 


combine with it, or both. Several difficulties however 


oppoſe this ſuppoſition. If the marine acid be en- 
abled to calcine and diſſolve gold becauſe it has been 
dephlogiſticated or aërated by the nitrous acid, it 
ſhould follow much more ſtrongly that the nitrous acid 
itſelf ſhould difſolve that metal, which is contrary to 
the fact. And, again, it has not been ſhewn how 
this dephlogiſticated acid, which is ſo volatile, and fo 
ſparingly ſoluble in water, is retained in the ſolution : 
not to mention that no component part of the nitrous 
acid is found to eſcape during the efferveſcence, ex- 
cept the vital air which enters into the compoſition of 
the gas that flies off. When the two acids are in due 
proportion, therefore, aqua regia muſt conſiſt of marine 
acid, and nitrous acid which has an under-proportion 
of vital air, or is in the moſt fuming ſtate; pr, in other 
words, it contains the two baſes of the acids, together 
with vital air, Jeſs in quantity than they poſſeſſed in 
their ſeparated ſtate. But, whether theſe principles 
combine and form a compound acid, or in what other 
order they may be arranged, has not yet been experi- 
mentally determined; though the writings of chemiſts 


abound with conjectural inferences reſpecting them. 
The 


theory of aqus 
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AQUA The combinations of earths and alkalis, and even of 
ola. , metals, with aqua regia, have not been well examined. 
Combinations. It is not known whether two different kinds of ſalts 
are formed apart from each other, or whether a triple 
combination takes place conſiſting of two acids united 

to one baſe. It appears however that in ſome caſes 

the reſult is one entire compound, and in others twa 


ſeparate ones, 
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* 


C:H A&P. IV; 


OF FIXED AIR, FIXABLE AIR, OR AERIAL ACID, 


HE acid which is commonly known by the name IE EDU Alx. 
of fixed air, abounds in great quantities in n W- ]. 
ture, and appears to be produced in a variety of cir- 
cumſtances. It compoſes about one third of the 
weight of limeſtone, marble, calcareous ſpar, and Subſtances 
other natural ſpecimens of calcareous earth, from — 
which it may be extricated either by the ſimple appli- 
cation of heat, or by the ſuperior affinity of ſome other 
acid; moſt acids having a ſtronger. action on bodies 
than this. This laſt proceſs has been before de- Page 52—55« 
| ſcribed. It does not require heat, becauſe fixed air is 
ſtrongly diſpoſed to aſſume the elaſtic ſtate. Water, 
under the common preſſure of the atmoſphere, and 
at a low temperature, abſorbs ſomewhat more than Impreznation 
its bulk of fixed air, and then conſtitutes a weak acid. 15 8 5 
If the preſſure be greater, the abſorption is augmented. 
Heated water abſorbs leſs; and if water impregnated 
with this acid be expoſed on a briſk fire, the rapid 
eſcape of the atrial bubbles affords the appearance of 
the water being at the point of boiling, when the heat 
is not greater than the hand can bear. Congelation 
ſeparates it readily and completely from water; but 
no degree of cold or preſſure has yet exhibited this acid 
in a denſe or concentrated ſtate of fluidity. 
Fixed air is nearly twice as heavy as common air 
and for that reaſon occupies. the lower parts of ſuch 
| mines 
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FIXED AIR. mines or caverns as contain materials which afford it 
| S ee by decompoſition. The miners call it choke damp. 
Grotodel Cano. T he Groto del Cano, in the kingdom of Naples, has 

been famous for ages on account of the effects of a 

ſtratum of fixed air which covers its bottom. It is a 

cave or hole in the ſide of a mountain near the lake 

Agnano, meaſuring not more than eighteen feet from 

its entrance to the inner extremity z where if a dog, or 

other animal that holds down its head, be thruſt, it is 
immediately killed by inhaling this noxious fluid. 

Fixcd air emit- Fixed air is emitted in large quantities by bodies 

ted from fer- 

menting bo- in the ſtate of the vinous fermentation; and on account 

1858 of its great weight it does not fly off, but remains in the 

| upper ſpace of the veſſel, not occupied by the fermenting 

body. A variety of ſtriking experiments may be made 

Experiments in this ſtratum of elaſtic fluid. Lighted paper or a 

— — 5 candle dipped into it, is immediately extinguiſned; and 

fixed ar. the, ſmoke remaining in the fixed air renders its ſur- 

face viſible, which may be thrown into waves by agi- 

tation, like water. If a diſh of water be immerſed in 

this air, and briſkly agitated, it ſoon becomes impreg- 

nated, and obtains the lively taſte of Pyrmont water. 

In conſequence of the weight of the fixed air, it may 

be dipped out in a pitcher, or bottle; which, if well 

corked, may be uſed to convey it to great diſtances. 

The effects produced by pouring this inviſible fluid 

from one veſſel to another, have a very ſingular appear- 

ance : if a candle, or a ſmall animal, be placed in a 

deep veilel, the former becomes extinct, and the latter 

expires, in a few ſeconds aſter the fixed air is poured 

upon them, though the eye is incapable of diſtinguith- 

ing any thing that is poured. 


4 When 


La mw, $3 ms wtes 4s 


' FROM CHARCOAL, ETC. 


When vegetable ſubſtances are expoſed to a ſtrong 
heat in veſſels partly cloſed, the volatile principles fly 
olf; but combuſtion does not take place for want of 
air. The fixed reſidue is the inflammable ſubſtance 


called charcoal. For general purpoſes, wood is con- Converſion of 


. 23.3 . . le mat- 
verted into charcoal by building it up in a pyra- 44-5 meagre 
coal, 


midical form, and covering the pile with clay or earth, 
leaving a few air-holes, which are cloſed when the 
maſs is perfectly lighted ; and by that means the com- 
buſtion is carried on in an imperfe& manner. Com- 
mon charcoal, when expoſed to heat in cloſed veſſels, 
gives out a ſmall quantity of inflammable air, which 
ſeems extraneous to it; and if it be burned, it leaves 
a ſmall portion of earth, fixed alkali, and other ſalts, 
The greater part of charcoal therefore conſiſts of an 


inflammable ſubſtance; and it is found that, if this be production of 
fixed air from 


burned in a cloſed veſſel over mercury, with vital air, 
the product is fixed air, and nothing elſe ; as is proved 


by the reſidue after the fixed air has been abſorbed by 


cauſtic fixed alkali : for there is either no aerial reſi- 
due, or the reſidue conſiſts of vital air as pure as at 
firſt *. N 


Hence it follows, that fixed air conſiſts of the in- compoſition of 


flammable matter of charcoal united to vital air. The 
antiphlogiſtian philoſophers confider this matter as a 
peculiar combuſtible and acidifiable baſe, and thence 


FIXED AIR. 


—ͤ —ê 


charcoal. 


fi xed air. 


infer the preſence of charcoal in all caſes where fixed Opinions. 


air is extricated or produced: but, on the other hand, 
ſeveral of the phlogiſtians think themſelves juſlifiable 
in concluding that fixed air is produced by the union 


* Layoiſier in Mem. Acad. Par. for 1781, p. 449. 
of 
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FIXED AIR. of inflammable air with vital air, when either of them 
S ◻ ;s in the naſcent ſtate, or ſtate of extrication. 

The electrie When the electric ſpark * is paſſed through fixed 
ſpark paſſed . 2 

through fixed air confined by mercury, the volume of air is aug- 

air. mented about one twenty- fourth part; and of this three 

fifths are abſorbed by a ſolution of cauſtic alkali, and 

the remainder is inflammable. An eminent philoſo- 

Phlogiſtic ex- pher of the phlogiſtic opinion ſuppoſes this effect to 

IIS ariſe from the decompoſition of the fixed air, whoſe 

vital air, combining more intimately with part of the 

inflammable air, forms water, the reſidue of this laſt 

air being diſengaged. But the chemiſt 'who made the 

experiment accounts for it as follows, without ſuppoſ- 

Antiphlogiſtic ing the fixed air to be decompoſed :—The air of the 

9 8 atmoſphere, and other elaſtic fluids, are proved by ex- 

periment to be capable of retaining mercury in ſolu- 

tion; ſo likewiſe in all probability does the fixed air: 

and they all retain much water. Whenever therefore 

the electric ſpark, by paſſing through this mixture of 

fixed air, mercury, and water, ignites a minute portion 

of it, the vital air of the water unites with and calcines 

the mercury ; while the inflammable air of the water 

is ſet at liberty; and the fixed air, like other acids, 

unites to the mercurial calx, and falls down with it: 

He ſuppoſes, from analogy, that the water in the fixed 

air increaſes its volume by rarefying it; and that the 

ſubtraction of the water occaſions a contraction, while 


This experiment, firſt performed by Prieſtley, i. 243, has ſince 
been repeated by Van Marum and others, The experiment of M. 
Monge, quoted by Kirwan in bis Efſay on Phlogiſton, p. 193, 
fecond edition, is that ſpoken of in the text : and the opinions are 
thoſe of Meſſ. Kirwan and Monge. 

9 the 
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the diſengagement of the inflammable air produces a Fixed ait, 
ſomewhat greater augmentation of bulk. In this way econ nnd 
(ſuppoſing the water atid mercury to be preſent in ſuf- 
ficient quantity) the whole of the fixed air may enter 
into a ſolid combination, and nothing remain but in- 
flammable air. Additional experiments muſt however 
be made, before either opinion can be eſtabliſhed. 

Fixed air does not appear to be ſtrongly diſpoſed to Combinations 
unite with argillaceous earth. - Moſt clays however — way 4 
afford a ſmall quantity of this fluid by heat; and the 
ſnowy white ſubſtance reſembling chalk, and known 
by the name of lac lunz, is found to conſiſt of clay 
ſaturated with fixed air. A ſaline ſubſtance, conſiſt- 
ing of two ſix- ſided pyramids joined at one common 
baſe, weighing five or ſix grains, and of a taſte ſome- 
what reſembling alum, was produced by leaving an 
ounce phial of water, impregnated with fixed air and 
a redundancy of earth of alum, expoſed to ſpontaneous 
evaporation for ſome months, 

Calcareous earth and fixed air have 2 ſtrong attrac- —with calea- 
tion for each other. Moſt of the ſpecimens of cal- as 
careous earth abound with this acid; and the imme- 
diate precipitation of lime from lime-water is the teſt 
of the preſence of this acid. | 

Ponderous earth combines very ſtrongly with fixed —with ponde- 
air. This compound has been found in England; and, 9 


hke the foregoing, has already been treated of in the 


chapter on earths. 
Magneſia unites readily to a large proportion of ws ang! 
fixed air. 
The uſual method of procuring magneſia is, by pre- Page wy 
cipitation from a ſolution of Epſom ſalt, by adding 
O an 
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FIXED AIR- an alkali which combines with the acid. When a 
- Coli mild fixed alkali is uſed, it is neceſſary that the ſaline 
combination of ſolutions ſhould be boiling hot, and the ebullition 
fixed — un continued for a ſhort time, in order to diſhpate a 
portion of fixed air, which would hold part of the 
magneſia in ſolution. From this cauſe it is, that per- 
fectly mild vegetable alkali affords no precipitate when 
added to a ſolution * of Epſom ſalt at the temperature 
of 60% The mineral alkali, which contains leſs fixed 
air than the cryſtallized vegetable alkali, likewiſe affords 
but a ſmall quantity of precipitate, unleſs heat be ap- 
plied. Mild volatile alkali alſo poſſeſſes the property of 
affording no precipitate when added to a ſolution of 
Epſom ſalt in the cold: with a greater heat magneſia 
is ſeparated ; and at a boiling heat it is again taken up, 
moſt probably forming a triple ſalt compoſed of 
vitriolic acid united to volatile alkali and magneſia. 
The ſaline combination of magneſia and fixed air is 
ſeparated in cryſtals from all theſe cold folutions by 
ſtanding uncovered; during which time the fixed air, 
which held the magneſia in ſolution, is no doubt gra- 
dually diſſipated. The cryſtals afforded when vege- 
table alkali is uſed, are contaminated with vitriolated 
tartar, which ſeparates at the ſame time; thoſe ob- 
tained by mineral alkali are finer and purer : but the 
moſt beautiful and pureſt are obtained by leaving the 
ſolution to which volatile alkali has been added, ex- 
poſed for ſome days in an oblong veſſel. 


One part Epfom ſalt, diſſolved in fix parts water, was mixed 

, with one part cryſtallized vegetable alkali, diſſolved in five parts 
water. Conſult Fourcroy in the Annales de Chimie, ii. 282, 

from whom the whole of this article reſpeRing aerated magneſia is 
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This eryſtallized aerated magneſia has uſually the rrzev A=. 
form of ſix-fided priſms. It is almoſt taſteleſs; eftio- © — 


reſces in the air; becomes pulverulent by heat, by of 
the loſs of its fixed air and water; is ſoluble in about 


forty times its weight of water at the temperature of 
55. Half its weight conſiſts of fixed air, one fourth 
water, and one fourth magneſia; whereas the common 
aerated magneſia obtained by rapid precipitation con- 
tains forty parts magneſia, forty-eight fixed air, and 
twelve water. 


mbinatioas 
of xc te E 


All the earthy combinations of fixed air are nearly —with earths: 


inſoluble in water; they are all more ſoluble with an 

exceſs of that acid than in mere water; and they all 

give out their fixed air by heat, except the native ſpe- 

cimen of atrated ponderous earth. The laſt contains 

no water; and water ſeems to be eſſentially neceſſary 

to enable bodies to aſſume the atrial form. | 
Fixed air has rio action upon ſiliceous earth. 


The three alkalis form concrete cryſtallizable ſalts and — 


when united with fixed air, which being in fact neu- 
tral ſalts, are much leſs active than the cauſtic or pure 
alkalis themſelves. Theſe falts ſtill continue to be 


called the mild alkalis; becauſe the fixed air, though 


it forms a large proportion of their weight, is diſplaced 
by moſt other acids, and therefore does not obviouſſy 
ſeem to impair their alkaline properties: beſides which, 
as this volatile acid flies off in the elaſtic form, and is 
loſt in common experiments (exhibiting no other in- 
dication of its * preſence than the violent ebullition 
which accompanies its eſcape), it was formerly over- 
looked, and even at the preſent time is not always ſuf- 


ficiently attended to, 
O 2 Alkaline 
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FIXED AIR» Alkaline air and fixed air unite, and form the con- 
— — crete volatile alkali. 


Combination The combinations of fixed air with inflammable 
— ſubſtances have not been accurately examined. Me- 
ble matter. tallic calces uſually contain more or leſs of this acid. 
Plumbago, or black lead, is the moſt remarkable com- 
pound into which it enters. This affords much fixed 
air: but chemiſts are not agreed with reſpect to its 
combuſtible part; ſome conſidering it as the mere 
principle of inflammability, and others aſſerting it to 
be iron. 
Advantages When we take a retroſpeQive view of the nume- 
— rous difficulties in chemical ſcience reſpecting the mild 
this acid. and cauſtic ſtate of lime and alkalis, and their efferveſ- 
cence with acids in the one but not the other ſtate ; 
the interrupted effects of affinities z the pernicious 
effects of caverns, or of places where charcoal is burned, 
or proceſſes of fermentation are carried on; the nature 
of medicinal ſprings, and the component parts of a 
large proportion of mineral as well as organized bodies, 
which embarraſſed the world before the diſcovery of 
this acid; we have juſt reaſon to affirm that the name 
of Dr. Black of Edinburgh would have been immortal, 
if this had been the only one of the many diſcoveries 


which he has added to the maſs of human knowledge. 
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CHAP: V. 


OF THE ACID OF BORAX. 


1 


ORA is a ſalt which comes to us from the Eaſt VonAx. 


Indies, and whoſe origin has till lately been 


very dubious. At preſent however it is very well aſ- 


certained * that it is dug up in a cryſtallized ſtate 


from the bottom of certain ſalt lakes in a mountiin- Natural pro- 


ous, barren, volcanic diſtrict, about five-and-twenty 


the kingdom of Thibet. Tincal, or crude borax, 
in the ſtate we receive it, is of a dull white or 
greeniſh colour, in irregular cryſtals, covered with 
a rancid oily ſubſtance, ſaid to be added to prevent 
its deliqueſcing, and intermixed with earthy impuri- 
ties. It is not well known in what proportions the 


component parts exiſt in the borax when dug out of 
the earth; becauſe it is ſaid to be purified by ſubſe- 
quent ſolution in water and cryſtallization ſoon after - 


duction of tin- 
cal or crude · 
days journey to the eaſtward of Laſſa, the capital of borax. 


it comes from the mountains: and the borax of Purification of 


commerce is chiefly refined in Holland by a proceſs . 


which is kept a ſecret ; though there is little doubt 
but it conſiſts of ſolution, filtration, cryſtallization, 
and calcination, to free it from the impurities and 
greaſe ; and afterwards a ſecond ſolution and eryſtal- 
lization, probably with an addition of mineral alkali, 
or ſalt of ſoda. M. Chaptal, after trying- various 
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HABITUDES OF BORAY AND ITS ACID. 


BORAX AND proceſſes in the large way, found the method of cal. 


ITS ACID. 


cination to be attended with loſs; and approves of 
ſtrong and- continued boiling with water, and cryſtal- 
lization, followed by a ſecond ſolution, ebullition, and 
cryſtallization, as. the ſimpleſt method of purifying 
this ſalt *. 


Analyſis of bo- If borax be diſſolved to ſaturation in boiling water, 


1. 


and the vitriolic acid be added in ſuch a quantity as to 
be perceptibly in exceſs, a ſalt will be diſengaged, dur- 
ing the cooling, in white, ſcales, which will ſwim at the 


ſurface of the fluid. Theſe being taken out, the re- 


maining ſolution affords Glauber's ſalt by evaporation. 


Habitudes of 
borax : 


This laſt ſalt, conſiſting of the vitriolic acid united to 
mineral alkali, affords a proof that the alkali. was one 
of the component parts of the borax : and when, by 
adding the. diſengaged ſcaly ſalt to mineral alkali 
in a due proportion, borax is reproduced, we have a 
complete proof that the. ſcaly ſalt is the other compo+ 
nent part. It was originally denominated ſedative ſalt, 
but is now, known by the name of acid of borax. 

The acid of borax may | be, obtained alſo by ſubli- 
mation; the alkaline baſe being ſeparated by the pre- 
vious addition. of ſome ſtronger acid. 

Borax contains a larger proportion of alkali than 
is neceſſary to ſaturate the acid. Some of the alkali 
is ſaid. to be added in the purification of the tincal. 
This purified ſalt requires about eighteen times its 
weight of water to diſſolve it, at the temperature of 
60% When heated, it ſwells up, loſes its water of 
eryſtallization, and runs into a kind of glaſs, which 


Elements of Chemiſtry, Eng. tranſlation, i. 377. 
may 
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may be diſſolved in water, and cryſtallizgd, as be- 'zorar AND 
fore. ITS Actp. 

The acid of borax requires aboue fifty times its and its 70. 
weight of water to diſſolve it. In a moderate heat it 

melts with leſs intumeſcence than borax itſelf; and 

the glaſſy ſubſtance, thus formed, is again ſoluble in 

water, having only loſt its water of cryſtallization, 

Borax is uſed as a flux in ſoldering, and its acid is a 

very uſeful flux for experiments with the blow-pipe. 

The acid of borax has been found uncombined in Native acid of 
the waters of certain lakes in Tuſcany. There have * 
been ſeveral accounts of the artificial production of 
borax ſaid to be practiſed in China, and verified by 
experiments made in France; but they all want far- 
ther confirmation. 

It has lately been diſcovered that a cryſtallized ſtone, Hard cryſtal- 
found in a cleft near the top of a ſtratified mountain ET 
compoſed of plaſter ſtone or gypſum, contains a large o 
proportion of the acid of borax . This mountain, 
which bears the name of Kalkberg, is fituated near 
Luneberg in the duchy of Brunſwick ; and the ſtone 
which has been called cubic quartz, but is known to 
the inhabitants of the vicinity by the name of wurfel. 
ſtein, is uſually of a white colour, often grey, and 
ſometimes of a violet tinge. Its figure, when perfect, 
appears at firſt ſight to be cubic ; but, when attentively 
inſpected, is found to be compoſed of twenty-ſix faces. 

Moſt fpecimens are opake; ſome are ſemi-tranſparent, 


* See the Annales de Chimie, ii. 101 and 137, for examinations of 
this mineral, by M. Weftrumb and by M. Heyer. The former is 


referred to in the text. 
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CUBIC QUARTZ, OR WURFEL$STEIN- 


EORAX AND and a few are perfeAly tranſparent. The greater 


s ACID. 


number of theſe cryſtals have the appearance of having 


Analyſis of the been corroded. It is evidently of a laminated texture; 


native combi- 
nation of the 
Acid of borax 
with lime and 
magneſia. 


though its fracture ſeems to exhibit a radiated appear- 
ance. Its ſpecific gravity is about 2.566, and its hard- 
neſs is ſuch that it ſcratches glaſs, and gives fire plen- 
tifully with the ſteel. 

This ſtone loſes its tranſparence by ignition, and 
becomes pulverable if quenched in water; though the 
hardneſs'of its particles cauſes it to abrade the hardeſt 


mortars which can be uſed. An extreme degree of 


heat cauſes it to run into a yellow glaſs. Water does 
not diſſolve it, either cold or by ebullition. Alkalis 
act upon it in the dry way, but not readily z and in 
this operation a conſiderable loſs of weight is expe- 
rienced. Acids, by long boiling upon the pulverized 
ſtone, diſſolve it for the moſt part. Five days boiling 
of marine acid upon one hundred grains of the ſtone 
diſſolved it at laſt. Tr e 
The ſolution in marine acid firſt exhibited foliated 
cryſtals at its ſurface, which fell to the bottom; and as 
the evaporation proceeded, the whole maſs fixed into 
a yellowiſh white ſubſtance. This was ſoluble in 
water, and let fall a ſmall portion of ſiliceous earth. 
The ſolution, being examined by the methods of analy- 
ſis hereafter to be deſcribed, afforded a ſmall quantity 
of iron, with ſome lime; and, by the addition of vitriolic 
acid and ſublimation, the acid of borax was obtained. 
An additional quantity of this ſubſtance was afforded 
by waſhing the reſidue with the ſtrongeſt ardent ſpirit, 
and evaporating the ſolution till cryſtals were afforded, 
The component parts of the ſtone were thus found to 


be 


/ 
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be—Acid of borax deprived of its water of cryſtal- B0Rax AND 
lization by a red heat, 68 parts; magneſia, 13; 3 2 80 
lime, 11; clay, 1; calx of iron, 1; filex, 2; loſs in 

the operation, 31. By adding the mineral alkali to the 

acid thus obtained, a true borax was formed. 

The acid of borax combines in the humid way Combinations 
with the calcareous, ponderous, and magneſian earths, 1 
and alſo with the alkalis, forming compounds hitherto Arts and at- 
but little examined. It does not directly diſſolve the 
metals in the humid way; but notwithſtanding its 
weak affinity, compared with other acids, it is proba- 
ble that the combinations might be effected by double 
affinity. It diffolves ſiliceous earth in the dry way. 

Spirit of wine diſſolves it, and burns with a green 
flame when ſet on fire. 

No attempts have been made to decompoſe this 
acid, or to exhibit it in the atrial form. Some Ger- Suppoſed re. 
man chemiſts have lately obtained a metallic ſabſtance * 1 — 
by treating borax with charcoal in a ſtrong fire, in the 
way of reduction. But it is at preſent generally ad- 
mitted that this metal was iron, from the crucible *, 


Ruprecht in the Journal de Phyſique for 1790, 


ACID OF 
SPAR, 


FUSIBLE SPAR, 


CHAP. VI. 
OF THE ACID OF SPAR. 


HE. fufible ſpar, or fluor, which is commonly 
known in England by the name of Derbyſhire 


Fluor or Der- ſpar, contains a peculiar acid united to calcareous earth. 


dyſhire ſpar 


The texture of this compound is either ſparry, or irre- 
gularly ſhattered or cracked. It is either tranſparent 
or opake ; and the ſpecimens. are of a cubic, rhom- 
boidal, polygonal, or irregular figure, The coloured 
ſpars have the property of becoming phoſphoreſcent, 
or emitting light, when laid upon a hot iron, or other- 
wiſe heated; but they loſe this property by being made 
red hot. This ſpar is not ſufficiently hard to ſtrike 


. fire with the ſteel. It is inſoluble in water, and does 


Diſtillation of 
the acid, 


not efferveſce with acids. ; 

If the pure fluor, or ſpar, be placed in a retort of 
lead, with a receiver of the ſame metal adapted, and 
half its weight of vitriolic acid be then poured upon it, 
the acid of ſpar will be diſengaged in the atrial form 
by the application of a gentle heat. This acid air 
rcadily combines with water; for which purpoſe it is 


neceſſary that the receiver ſhould previouſly be half 


Diſtipctive 
aharacter. 


filled with that fluid. When experiments are required 
to be made with the acid in the elaſtic ſtate, it muſt 
be received over mercury. 

The diſtinguiſhing property which is moſt eminently, 
and almoſt excluſively, poſſeſſed by this acid, is that of 
diſſolving ſiliceous earth. The firſt experiments upon 


TY 
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it were made with glaſs veſſels, and were attended with acid or 
the ſingular phenomenon of an earthy matter being, 
depoſited at the inſtant that the air came in contact 


with the water in the recipient. Upon examination it Siliceous earth 


was found to be filiceous earth; and ſubſequent expe- diffolved. 


riments proved that it was obtained by corroſion of the 
glaſs, and held in ſolution by the elaſtic fluid. This 
circumſtance ſhews the neceſſity of uſing metallic veſ- 
ſels in the diſtillation. | | 

The fluor acid has been ſucceſsfully uſed to make Ecchings on 
etchings. on glaſs, in the ſame manner as the nitrous 1 


acid has long been applied to copper. 
With argillaceous earth it forms a neutral ſalt, of Combinations 


a gelatinous conſiſtence. With calcareous earth it pro- ban pe army 
duces the ſpar already treated of. With ponderous 
earth it forms a ſalt of difficult ſolution, which eflo- 
reſces in the air. It readily combines with magneſia, 
and forms a cryſtallizable ſalt: it rakes this earth from 
every other known acid. With the vegetable alkali it. 
affords a fuſible deliqueſcent ſalt; the ſolution of 
which, if ſufficiently evaporated, takes a gelatinous ap- 
pearance. The mineral and volatile alkalis are ſaid to TM 
act nearly in the'ſame manner. 
This acid acts ſcarcely, if at all, upon gold, filver, —with metals. 
lead, mercury, tin, antimony, biſmuth, or cobalt, 
though it diſſolves their calces. It acts directly upon 
iron and zinc, with the production of inflammable air; 
and it likewiſe diſſolves copper in the metallic ſtate, 


though leſs eaſily than when calcined. 


CHAP. — 


| 
{ 
| 
| 
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—wherefcund, 


AMBER. 


DCA P. VII. 


OF THE ACID OF AMBER, 


MBER is a hard brittle ſubſtance, ſometimes 
perfectly tranſparent, but moſtly ſemi-tranſpa- 
rent, clouded, or opake. It is found of all colours, but 
chiefly yellow or orange. Some ſpecimens contain 
inſets or leaves. When broken, it preſents a poliſhed 
ſurface at the place of fractute. It is capable of a 
good poliſh, though always of a ſomewhat greaſy feel. 
By friction it becomes electric, and is the ſubſtance · in 
which the operation of electricity was firſt taken notice 
of by the ancients. It emits an agreeable ſmell when 
rubbed or heated, and melts at a leſs temperature than 
is required to cauſe mercury to boil. With acceſs of 
air it is inflammable; but by diſtillation in cloſed veſ- 
ſels it affords a ſmall portion of water, a concrete ſub- 
limate which is the acid of amber, and an oil. A gentle 
heat is ſufficient to raiſe the acid; and care muſt be 
taken to regulate it ſo as not to drive up the oil, when 
the acid is required to be had in a ſlate of purity. The 
acid itſelf 1s ſoluble in twenty-four parts of cold water, 
and in a much leſs quantity when boiling hot. The 
ſublimed acid requires to be purified by repeated ſolu- 
tions and cryſtallizations. 

Amber is dug out of the earth in the Pruſtian do- 
minions in greater plenty than elſewhere; but the beſt 
ſort is taken out of the ſea, or is caſt on ſhore by the 
waves. From its being found in the earth in the 

| neigh- 


ACID OF AMBER. 


neighbourhood of foſſil wood, as well as from other 
circumſtances, it is ſuppoſed to be of vegetable origin. 
Its analyſis evidently ſhews that it conſiſts of an oil 
rendered concrete by combination with an acid. 
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The acid of amber combines with the earths, alkalis, Combinations 


of the acid of 


and metallic calces. With clay it affords a ſalt in ber. 


cryſtals ; with lime and ponderous earth it produces 
ſalts of difficult ſolubility ; and with magneſia, a com- 
pound reſembling gum. With the vegetable and vola- 
tile alkalis it forms cryſtallizable ſalts, which deliqueſce 
by expoſure do the air; but with the mineral alkali it 
forms a ſalt whoſe cryſtals are conſiſtent, With the 
calces of the metals it forms cryſtals which are for the 
moſt part permanent. 

From its ſublimation in the form of flowers, it is 


evident that it cannot be exhibited in the atriform 


ſtate but at a very elevated temperature. No inquiries 
have been made in the way of decompoſing it. 


CHAP. 


PHOSPHORIC 


ACID». 


Native phoſ- 
phorus. 


Page 144 


CHAP. VII. 


OF PHOSPHORUS AND ITS ACID. 


HE phoſphoric acid, or its baſe, abounds in the 
animal and vegetable as well as the mineral 
kingdoms. In this laſt it is found unitM to lead or 
iron, but perhaps moſt abundantly in combination 
with calcareous earth, It is aſſerted that there are 


whole mountains in Spain which conſiſt of a com- 


pound of lime and phoſphoric acid “. But the acid 
has been hitherto moſt commonly obtained from 
animal ſubſtances. Phoſphorus is a ſubſtance greatly 
reſembling ſulphur in colour and conſiſtence, in its 
uſual ſtate of purification; but it is leſs brittle, and 
much more inflammable. When very pure, it is of 
a clear tranſparent yellow colour. Like ſulphur, it 
burns with two kinds of flame. An heat of about 
60® produces the weaker kind of flame, which ſcarce- 
ly affords any ſenſible degree of warmth. It has the 
appearance of white fumes in the day light, but is 


— 


conſiderably luminous in the dark. If a veſſel con- 
taining a ſmall piece of phoſphorus be ſurrounded 
with water gradually heated, the fumes eſcape more 
and more rapidly; and when the water is heated to 
160, the phoſphorus takes fire, and burns with a 
ſtrongly vivid and deſtructive flame. 


Annales de Chimie, i. 196. 


DISCOVERY OF PHOSPHORUS. 209 
This ſubſtance, remarkable for its extreme com: rns - 
buſtibility, and the exhibition of flame without heat, s. 
was firſt diſcovered about the year 1667, by a chemiſt The diſcovery 
whoſe name was Brandt. Another chemiſt, wel! al. nr np , 
known by his writings, whoſe name was Kunckel, Kunckel, 
diſcovered the ſecret of Brandt by a ſet of experi- 

ments expreſsly inſtituted for that purpoſe. It is to 


this philoſopher that the world has juſtly given the 


honour of the diſcovery. Our eminent Robert Boyle and Boyle. 
likewiſe made the diſcovery upon the ſame informa- 
tion probably as that of Kunckel; namely, that 
the phoſphorus was produced from utine. It is aſ- 
ſerted that a certain dealer in ſecrets, one Krafft, 
communicated the proceſs to Boyle“; but it is not 
probable that a man of ſuch undoubted integrity as Defence of 


Boyle would have commudicated the proceſs to the lata ae 


Royal Society as his own, if this had been the caſe. 


Neither indeed does the invention appear to be of 

that magnitude, as not to be eafily hit upon by thoſe 

who were determined to ſpare no pains nor attention 

in the purſuit of diſcoveny, as was the caſe withthe 
chemiſts of that day, moſt of whom indulged extra- 
vagant hopes. The proceſs of Boyle conſiſted in no- proceg of 
thing more than diſtilling urine till the laſt volatile 5%7**- 
product came over, which is the phoſphorus; and 

he uſed no other artifice to facilitate the operation, 

than that of firſt evaporating the fluid part of the 
urine until it became of the conſiſtence of ſyrup. He 

then mixed this liquid with thrice its weight of 
fine ſand, and expoſed the whole to diſtillation for 


® Stahlii CCC. Exper, ed, Berolini, Ann. 1731, p. 393. 
twelve 


208 PROCESS FOR 


rnosrno- twelve hours, the fire being made as intenſe as poſſi- 
. for the laſt ſix hours. Other proceſſes have ſince 
been invented to ſhorten this operation; but the late 
diſcovery of Scheele has ſuperſeded them all, on ac- 
count of its greater expedition and cheapneſs. 
_ — wor The fixed refidue of bones, after burning, conſiſts 
. horus from Of the acid of phoſphorus united to lime. If there- 
1 * ſore this white friable ſubſtance be pounded, and 
14 paſſed through a ſieve, and a quantity of diluted vi- 
=_ * triolic acid be added, leſs than is ſufficient to diſſolve 
| the maſs, it will then conſiſt of a ſolution of ſele- 
| nite, with diſengaged phoſphoric acid. By evaporation 
| | of the clear liquid, the ſelenite ſeparates in cryſtals ; 


| and the decanted liquor, by farther evaporation to 
| 5 | dryneſs, and the application of a conſiderable heat, 
* affords the phoſphoric acid in the form of a white 
| or tranſparent glaſs. If this acid be pounded, and 
1 mixed with one third of its weight of charcoal, in an 
1 earthen retort, it affords phoſphorus by diſtillation. 
Phoſphoric The phoſphoric glaſs obtained in the firſt inſtance 
_ from bones, is not ſuſſiciently deprived of calcareous 
. earth to be uſed in any other proceſs than that of 
4 making phoſphorus. For this purpoſe however it is 
not neceſſary to bring it to the conſiſtence of glaſs. 
The evaporation may be conveniently performed in a 
copper veſſel; and when the fluid has acquired the 
conſiſtence of ſyrup, it may be mixed with its own 
| f weight of charcoal in powder, and ſubmitted to diſtil- 
$ lation in a good earthen,retort. Inſtead of applying 
| a receiver, the neck of the retort may be immerſed 
in a baſon of water to a ſmall depth; and the phoſ- 
phorus, as it comes over, will fall in drops to the 
bottoms 


4; ee” wee Hors ac ther -—- + 54 
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OBTAINING PHOSPHORUS. 
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bottom. It is true that in the proceſs thus managed vhοG Ho- 


there will be apparently much phoſphorus burned 


RUS, 


by the admiſſion of the common air, which now Procefs for ob- 


and then paſſes into the neck of the retort, whenever 


inconſiderable, and is compenſated by the ſimplicity 
and facility of the proceſs. The operator. muſt be 
careful that the neck of the retort be not plunged 
to too great a depth; becauſe in this caſe the water 
would paſs into the body of the retort at the time of 
abſorption, before the ſurface of the water in the 


baſon had fallen ſufficiently to admit the air. The 


phoſphorus comes over as ſoon as the retort is red 
hot; and when the drops ceaſe, the whole apparatus 
muſt be ſuffered to cool. It has the form of reddiſh 
wax, or tallow; and may be preſſed together under the 
water while it is yet warm. If this be done with 
the naked hand, great care muſt be taken that no 
particle ſhall remain ſticking to the hands, or under 
the nails; as ſuch a particle, by taking fire when 
brought into the air, might produce very painful and 
diſagreeable conſequences. It may be moulded into 
ſticks, by putting the pieces into ſmall conical tubes of 
glaſs, cloſed at one end, and fixed upright in a piece 
of wood, the whole being immerſed under water : 
en heating the water, the phoſphorus will melt, and 
take the deſired form. The impurities that riſe to the 
upper ends of the tubes may be cut off when taken 
out, which muſt not be done till all is cool. 


taining phoſ—- 
phorus. 


the abſorption of the water cauſes its ſurface to 
fall below the aperture; but this quantity is really - 


Page 57. 


Phoſphorus may be had exceedingly pure by ſtrain- Purification of 


ing it through u leather bag immerſed in hot water; 
: P or, 


phoſphorus. 
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rHOSPHORIC Or, Which is {till better, by diſtilling it a ſecond time 
ACID» with a very gentle heat. The blackiſh colour of 
8 phoſphorus is aſcribed to a portion of phoſphoric acid 
phoſphorus. Which is mixed with it. This diſappears almoſt 
entirely by boiling with a ſmall quantity of volatile 

alkali -; and if the phoſphorus be boiled two or three 

ſucceſſive times in ardent ſpirit, it becomes perfectly 
tranſparent, and of a beautiſul opal colour, with very 


little loſs of weight. 
Phoſphorus muſt be kept in a bottle of water, to 
prevent its gradual combuſtion. 
Phoſphoric acid If a number of fticks of phoſphorus be placed up- 
. right in a glaſs funnel, a piece of glaſs tube being 
* previouſly put into the neck of the funnel to prevent 
/ their falling through; and if this funnel be then in- 


ſerted in the neck of a bottle containing diſtilled water, 
the phoſphorus will be decompoſed by the flow com- 
buſtion, provided it be expoſed to a temperature higher 
than that of 600; and the phoſphoric acid will gra- 
dually paſs through the funnel into the water. The 
acid thus obtained contains a portion of phoſphorus ; 
but, by expofure to the air, this alſo becomes con- 
verted into acid: or the fuperfluous portion of phoſ- 

phorus may be burned by cauſing the acid to boi]. 
Concrete phoſ= If the water be evaporated from the phoſphoric 
Phoric acid. acid, it may be converted by heat into a ſolid tranſ- 
parent ſubſtance, which differs from that obtamed im- 
Page 208. mediately from bones by the vitriolic acid, in attract- 
ing the humidity of the aix, and its ſolubility in water. 
It is ſaid however that a ſtronger heat will render 

Annales de Chimie, i. 234. 

it 
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it permanent, and deprive it of acidity ;' which change ruõννπj.j0 
ACID. 


bably ariſes f 
moſt probably ariſes rom its combining with the earth 


of the crucible. | 
Phoſphorus may likewiſe be converted into phoſ- Phoſphoric 


phoric acid by treating it with nitrous acid. In this — — 
operation a tubulated retort, with a ground ſtopper, ou acid 
muſt be half filled with concentrated nitrous acid, and 

a gentle heat applied. Small pieces of phoſphorus 

being then introduced through the tube, will be diſ- 

ſolved with an efferveſcence, which is produced by the 

eſcape of a large quantity of nitrous air. This addi- 

tion of phoſphorus muſt be continued until the laſt 

piece remains undiſſolyed. The fire being then raiſed 

to drive over the laſt portions of nitrous acid, the 
phoſphoric acid will be found in the retort ; partly in 

the concrete, and partly in the liquid form. 

Vitriolic acid produces nearly the ſame effect as the —by vitriolic 
nitrous z but, being leſs. volatile, it is leſs adapted to * 
the purpoſe. 

The ſtrong combuſtion of phoſphorus effects a hat ſtrong 
compoſition nearly complete, and leaves the acid in a [NEED 
ury ſtate. 

Phoſphoric acid is likewiſe produced: by paſling a <dy a ſtream 
ſtream of vital air through phoſphorus liquefied in hot OO 
water. 
| Phoſphorus combines with the cauſtic fixed alkalis Phoſphoric he- 
in a boiling heat, and forms an hepar; during which pra 
2 peculiar elaſtic fluid is given out, which poſſeſſes 
the remarkable property of taking fire as ſoon as it 
communicates with the air of the atmoſphere. This 
air has evidently the ſame relation to phoſphorus as 
the common hepatic air has to ſulphur ; and, like Page 145 
| P 2 - that, 
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'yHOSPHORTC that, it probably confiſts of a ſolution of the phoſphorus 
ACED. ir inflammable air. 
Combination of Sulphur and phoſphorus unite by fuſion, and form 
1 a ſolid compound of a fetid ſmell, which burns with 
a yellow flame, and fwells in water; at the ſame time 
communicating” acidity to that fluid, and emitting a 
—withoils: ſmell of hepatic air. All kinds of oils diffolve phof- 
phorus, and are rendered luminous by it: ſeveral 
eſſential oils form a ſolution which takes fire by ex- 
poſure to the air, probably in conſequence of the 
emiſſion of phoſphoric air. The butter of wax, which 
conſiſts of wax deprived of part of its acid by diſtil - 
lation, is ſaid to be the propereſt material for pro- 
—ardent ducing this effect. Very ſtrong ardent ſpirit diſſolves 
OR a portion of phoſphorus, which gives a perceptible 
—metals. light upon the addition of water. Metals do not 
readily combine with this ſubſtance when ſimply heated 
with it : but when the phoſphoric acid, together with 
charcoal, is expoſed to a ſtrong heat, a confiderable 
number of the metals -may be made to unite with it *, 
probably in conſequence of their being previouſly cal- 
ceined by the acid. 

Metals revived When a ſtick of phoſphorus is plunged in the ſolu- 
by Phafpnorus. tions of gold, ſilver, copper, and other metals, the 
phoſphorus becomes gradually covered with a brilliant 
metallic ſheath, the phoſphorus becoming acidified as 

the metal is revived. 
tes of phoſ®= Phoſphorus has not yet been applied to any uſe, 
3 5 excepting that a few trials have been made of its 
efficacy in medicine. The luminous appearance of 


: | Journal d Phyſique, fr March 789. 
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writing made of a ſtick of phoſphorus upon paper, »#os>HoRIC 
or any other ſubſtance which can abrade it, is ſuffi- Oy 
ciently known. There is ſome danger of its catching 

fire if the friction be ſwift or violent; and for that 

reaſon the ſtick of phoſphorus ought to be held in 

a metallic caſe, and a cup of water ſhould be at hand 

to plunge it in. It is alſo uſed when diſſolved in Phoſphoric 
eſſential oils, or butter of wax, to make tapers or 29 2 
matches, intended to ſupply the place of flint and ſteel 

in producing light; but it is not probable that theſe 

will ever be afforded ſufficiently cheap to anſwer the 

purpoſe of a ſubſtitute to that operation. 

The acid of phoſphorug exiſts, as has been already Two ftates of 
obſerved, in two ſtates ſimilar to thoſe of the volatile pho'p _ 
and fixed vitriolic acids: and the difference between 
theſe ſtates ariſes likewiſe from a ſimiliar cauſe ; name- 

ly, that a part of the phoſphorus is not converted 
into acid, but is held in ſolution by that part which Page 144. 12. 
is acidified. Neither of the kinds of phoſphoric acid 
riſes totally by heat like the volatile vitriolic acid : 
but that which contains phoſphorus emits white fumes, 
which ſeem to conſiſt of part of the acid combined 
with the redundant phoſphorus ; and the refidue melts 
into the vitreous form. This difference between the 
vitriolic and phoſphoric acids depends no doubt upon 
the greater degree of fixity of the latter. 

The phoſphoric acid does not appear to act upon Combinations 
ſiliceous earth, though it corrodes glaſs when hot. It * 2h 8225 
unites with clay in the dry way. With calcareous 
earth it forms a combination ſcarcely ſoluble in water, 
unleſs there be an exceſs of acid : it has been already 
noticed that the earthy reſidue of bones conſiſts of 

ak this 
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PHQSPHORIC this ſubſtance. With ponderous earth it formt a ſalt 


8 whoſe properties are little known ; and with magneſia 
| it forms a amm e of difficult ſolu- 
bility. 


Comvinationsof This acid, when in combination with the vegetable 
phoſphericacid | ri; ferme 8 very folyble ſalt, which is falpended 
: in conſiderably greater quantity in hot than in cold 
water. It ſeparates from the liquid in cryſtals, either 
by cooling or evaporation. The combination of phoſ- 
phoric acid with mineral alkali conſtitutes a falt of 
an agreeable taſte, reſembling that of common ſalt. 
It is not caſily cryſtallized, by reaſon of its diſpoſi- 
tion to form an adheſive matter by evaporation, 
which reſembles gum. A ſmall exceſs of alkali ren- 
ders it more diſpoſed to cryſtallize, and cauſes it to 
efloreſce by expoſure to the air. This ſalt has been 
lately introduced into medicine. The combination of 
volatile alkali with phoſphoric acid is likewiſe more 
ſoluble in hot than in cold water, and affords cryſtals 
by cooling. An exceſs of alkali renders the cryſtal- 
lization more eaſy. It is greatly Pa to fly off by 
a gentle heat. 
Phoſphoric ſalts The phoſphoric ſalts were firſt obtained from urine. 
from urine. This animal fluid conſifis of a large quantity of wa- 
ter; the acids of phoſphorus and of the calculus of 
the bladder, both in a diſengaged ſtate; ſome common 
ſalt, with the ſaline combinations of the phoſphorie 
acid with lime, mineral alkali, and volatile alkali ;z and 
two kinds of extractive matter, one of which is ſolu- 
ble in ardent ſpirit, and the other in water. When 
urine is expoſed to evaporation by heat, it aſſumes a 


darker colour ; and a * matter falls down, 
which 


- PHOSPHORIC SALTS, 


the acid of the human calculus. If the urine be fil- 
tered as ſoon as it has acquired a viſcid conſiſtence, 
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which. conſiſts of the calcareous phoſphoric ſalt, and rxosenorte 


ACID, 


it affords ſaline cryſtals by cooling. Theſe conſiſt of rite from 


the common ſalt, and alſo of a triple combination of 
phoſphoric acid with the mineral and vegetable alkalis, 


which is generally known by the name of microcol- Microcoſmic 


mic ſalt, Repeated evaporations and coolings are re- 
quired to deprive urine of the moſt part of its ſalts. 
Subſequent ſolution' in water, heated and cooled in 
cloſed veſſels, purifies the phoſphoric cryſtals, and ſe- 
parates the ſalt with the baſe of volatile alkali from that 
which contains mineral alkali. As the former of theſe 
ſalts only is decompoſed by heating with charcoal, it is 
from this alone that the phoſphorus of urine is obtained. 


ſalt. 


The combination of mineral alkali with phoſphoric Perlate acid. 


acid was for ſome time ſuppoſed to be a peculiar acid, 
and was called the perlate acid, 


The microcoſmic ſalt has been applied to great uſe 


by the celebrated Bergman, as a flux in, blow-pipe ex- 
periments. 


_ Phoſphoric acid unites with ſeveral of the metallic Combinations 


calces. It acts upon oils, to ſome of which it com- 


of phoſphoric 
acid with me- 


municates a peculiar flavour, and it thickens others. tals and oils, 


It has not heen well decided whether it can be exhi- | 


bited in the elaſtic ſtate at the temperature of the 
atmoſphere. . 


The ſaline compounds formed by the phoſphoric - 


acid, when not totally acidified, appear to differ from 
thoſe of the complete acid; but few experiments have 

been made with theſe. 
The theory of the converſion of phoſphorus into 
P 4 an 


Theory, 
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THEORY OF PHOSPHORUS. | 


PHOSPHORIC an acid, and the reduction into its original ſtate by 


ACID. . 


Theory, 


treatment with charcoal, is perfectly ſimilar to that of 
ſulphur and vitriolic acid. When phoſphorus is burned, 


there is an abſorption of vital air, at the ſame time that 


phlogiſton, or the principle of inflammability, is ſup- 
poſed to be extricated, In this manner the phoſphorus 
15 converted into an acid, which, when water is not 
preſent, has the appearance of white flakes; and in 
every ſtate weighs conſiderably more than the phoſ- 


phorus itſelf. On the other hand, when phoſphoric 


acid is heated with charcoal, the vital air is abſorbed 
by the latter; at the ſame time that the phoſphoric 
baſis is ſuppoſed to receive phlogiſton from the charcoal, 
and by that means recovers its original ſtate. ' Accord- 
ing to the new theory, the phoſphorus is conſidered as 
a ſimple ſubſtance, relatively to the preſent ſtate of our 
knowledge; its converſion into an acid being ſuppoſed 
to conſiſt merely in the abſorption of vital air, and its 
revivification in the diſengagement of that ſubſtance, 


CHAP, 


PRODUCTION OF ACIDS, 


CHAP, IX, 


PF THE METALLIC ACIDS; OF ARSENIC, OF MOLYB+ 
DENA, AND OF TUNGSTEN, OR WOLFRAM. 


N the preceding chapter we have exhibited a num- Acibirx. 
ber of inſtances in which the proceſs of com- * —— 


buſtion has converted inflammable ſubſtances into the facts and 


doctrines con- 


acids : whence it may be inferred, as a general rule, tained in the 
that acidity is the ſtate of a combuſtible body, which P**{n* ſection 


is burned, either completely or nearly ſo z whether 
ſuch combuſtion be made to conſiſt in the diſengage- 
ment of phlogiſton and abforption of pure air, or 
whether it be ſtated ſimply as the latter effect. We 
have ſeen that ſulphur, which is highly inflammable, 
becomes converted into vitriolic acid air, which is not 
at all inflammable ; and that, when completely burned, 
it becomes vitriolic acid, in which the peculiar pro- 
perties of that claſs of bodies are moſt eminently 
ſeen. Phlogiſticated air, which, by reaſon of its flight 
tendency to unite- with vital air, appears to require 
either a long expoſure to that ſubſtance, or the ſuceeſ- 
five ignition of its parts by electricity, is found to form 


nitrous air when the combuſtion is incomplete—a ſub- 


ſtance which has no acid properties; but which be- 
comes nitrous acid of various degrees of acidity, ac- 
cording to the doſe of vital air it may be combined 
with, and perhaps the extrication of phlogiſtgn. The 
metals haye been ſhewn to be combuſtible, as well by 

the 


ACID OF ARSEXNIE. 


T 
. the action of acids, as by heating them with acceſs or 
ACIDS, pure air. When they are thus calcined, they become 
Acidification of ſoluble in acids. Some of the metallic bodies have 
metals. been diſcovered to be ſuſceptible of a farther continu- 
ation of the proceſs by which they are calcined ; and 
this continuation is found to change them into acids 
ſoluble in water, and diſpoſed to combine with and 
neutralize alkaline ſubſtances. Hence there ſeem to 
be certain periods of combuſtion at which the ſame 
. ſimple baſis becomes ſucceſſively converted into a 
calx, or ſubſtance capable of neutralizing acids; and 
afterwards into one which combines with and neu- 
General infer. tralizes alkalis. If we might generalize this, it 
Aare. con- would be fair to conclude that all metals are, in their 
8 own nature, capable of being converted into acids; 
that all acids are reducible to inflammable ſubſtances, 
though art has not yet deviſed the means of doing it in 
every inſtance; and it might be conjectured that the 
fixed alkalis themſelves may conſiſt of combinations 
of inflammable ſubſtances with pure air, ro which 
they may adhere with too ſtrong an affinity to be ſe- 
parated by means of any medium we are acquainted 
with. 
Metals acidi. The metallic ſubſtances dich have bcen acidified 
* are, arſenic, molybdena, and wolfram. 

Arſenic. Arſenic is a ſubſtance which combines with and 
mineralizes many. of the metals, and is ſublimed from 
them in the form of a white calx. It is not clearly 
aſcertained, in a number of inſtances, whether the 
arſenic be combined with this calx, or with the metal, 
or with the acid it is capable of being converted into. 
If this white calx be diſſolved in three times its weight 

of 
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of boiling muriatic acid in a tubulated retort, and twice METALLIC 
its weight of nitrous acid be then added, and the eva- ***>** 
poration ſtill continued, the former acid will fly off in Proceſs for bh. 
the elaſtic ſtate ; while the nitrous acid will be decom- nf me are 
poſed, and will convert the arſenic into a concrete acid. 
The purity of this may be aſcertained by igniting it ; 

for this degree of heat will drive off any portion of the 

other acids that may remain. : 

The arſenical acid is much more fixed in the fire Characters of 
than the calx itſelf; ir may even be fuſed into a tranſ- A 
parent glaſs, It is lightly deliqueſcent, and requires 
twice its weight of water to diſſolve it. This acid 
forms a ſaline combination with argillactous earth, Combinations 
which coagulates as ſoon as it arrives at the point of W SE 
faturation. With lime it forms a cryſtallizable alt. 

With ponderous earth it forms a ſalt of difficult ſolubi- 
lity. With magneſia it produces a coagulum, or gela- 
tinous ſubſtance. . It does not act upon ſiliceous earth, 
unleſs perhaps in the dry way. 

The combination of this acid with vegetable alkali —with atkalis. 
forms a deliqueſcent ſalt, which does not cryſtallize 
but if there be a ſmall exceſs of the acid, the ſolution 
will afford fine cryſtals, which are the neutral arſe. 
nical ſalt of Macquer. The mineral alkali, ſaturated 
with arſenical acid, affords a cryſtallizable ſalt nearly 
reſembling the foregoing. It unites likewife with the 
volatile alkali, and forms a alt in cryſtals. When 
this is expoſed to diſtillation, part of the alkali is de. Page 128. 
compoſed ; phlogiſticated air is given out; and the 
acid, being reduced to the calciform ſtate, ſublimes. 

Mere heat in an open veſſel gradually reduces the 
acid of arſcnic to the ſtate of calx, which ſublimes, 

9 ; When 
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METALLIC When the fluid acid is digeſted with charcoal powder, 


ACIDS, 


no change takes place until the moiſture is evaporated; 


Reduction of and when the heat is raiſed to ignition, a ſudden com- 


* buſtion takes place, all the acid is reduced and ſublimed 


Combination 


with 1u}phur. 


Theory. 


into the neck of the retort, the greater part being in 
the form of the metallic regulus, and the reſt calx. 
Continued. digeſtion with oils revives this acid. It 
unites with ſulphur by fuſion; the whole. maſs riſing 
almoſt inſtantly in the form of a red ſublimate, at the 
ſame time that volatile ſulphurequs acid * into the 
. 

* The theory of theſe faQts wilt not be difficult ta 
the reader who has attentively conſiderec the preced- 
ing chapters. The white calx of arſenic was difſotved 
in marine acid; becauſe it is required to be had in a 
ſtate of extreme diviſion, and becauſe the nitrous acid 
can only diffolve it very ſparingly. The nitrous acid 
is added ; becauſe it readily gives out vital air (and 
perhaps abſorbs phlogiſton), while it becomes con- 
verted into nitrous air, which flies off. The calx of 
arſenic thus becomes completely acidified. This acid, 


at a ſtrong temperature, decompoſes volatile alkali, 


which is a compound of phlogiſticated and inflamma- 
ble air. This laſt principle either affords phlogiſton 
to the acid, and reduces it to the ſtate of a calx; or, 
according to the new theory, performs the ſame thing 
by uniting with the vital air, and forming water. And 
a ſimilar explanation will ſerve for the effects of char- 
coal, or oils, which either afford phlogiſton, or abſorþ 
the vital air. With reſpect to the effects of ſulphur, 


part of it is acidified by combuſtion, or combination 


with the vital air of the acid, and comes over in the 
form 
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form of vitriolic acid air; while the reſt combines with METALLIC 
ACIDS, 


the arſenic, which is reduced, but in what degree does FE 
not clearly appear. | | 


Molybdena is a ſubſtance which greatly reſembles CharaRers of 
moly bdena. 

plumbago, or black lead ; but its texture is ſcaly, and 
it is not eaſily pulveriſed, on account of a degree of 
flexibility which its laminz poſſeſs. If it be tritu- 
rated in a mortar with vitriolated tartar, this ſaline 
ſubſtance will, by the hardneſs and angular figure of 
its particles, render it more eaſily pulverable; and 
when this purpoſe is accompliſhed, the falt may be 
waſhed away by ſeveral affuſions of water. If the 4 N _ | 
powder be then placed ina retort, with five or ſix times of nolybdens. | 
its weight of diluted nitrous acid, and diſtillation be 
carried on to dryneſs, it is found that volatile vitriolic 
acid and nitrous air are extricated, and the colour of 
the relidue becomes lighter. More acid muſt then be 
added, and the diſtillation again repeated till the fourth 
or fifth time. A ſtrong heat is required to drive off 
the laſt portions of vi:riolic acid ſormed by the ſulphur. 
When no more red vapours appear, the reſidue will be 
white and pulverulent, refembling chalk. This is the 
acid of molybdena. It requires near five hundred 
times its weight of boiling water to diſſolve it, and 
exhibits weak acid properties. 

This acid combines with lime, magneſia, and cal. Combinations. 
eareous earth, with which it forms ſalts of very diſſi- 
cult ſolution. When added to a ſolution of ponderous 
earth in the nitrous or marine acids, it forms a com- 
pound which is ſparingly ſoluble in cold water; and, 
on that account, falls to the bottom. The combina- 


tion 


222 


TUNGSTEN, WOLFRAM: 


nsTALLIc tion of this acid with vegetable alkali is more ſolu⸗ 


ACIDS. 


ble in water than the acid itſelf, and affords ctyftals by 


” evaporation. It unites likewiſe with the volatile 


Regenerated 


moly bdena. 


alkali. Several of the metals, when diſſolved, are like- 
wiſe ſeized by this acid; and precipitated from their 
ſolutions. 

When the acid of molybdena i is heated with ſul- 
phur in a retort, placed in ſuch a matiner as that the 
ſublimed ſulphur may melt and run back again, a 
combination between theſe two ſubſtances is at length 
produced; and the ſuperfluous ſulphur flies off, being 
partly converted into volatile vitriolic acid. The re- 
ſidue is found to be in every reſpect the ſame as 
the native molybdena. The analyſis of molybdena 


by the nitrous acid ſhewed that it conſiſts of ſul- 


Acid of ting- 
Ken, or wol- 
tram. 


phur united to a peculiar acid, or acid baſis; and 


this ſynthetical production of molybdena proves the 


ſame thing. e 


metallic fubſtance obtained from theſe minerals. The 
tungſten is a ponderous ore, of a grey colour, and 
lamellar texture. It conſiſts of the metallic calx, or 
acid, united to about its own weight of calcareous 
earth. Wolfram 4s a mineral of till greater ſpecific 
gravity, which is formed in the. tin mines of Corn- 
wall, and elſewhere. It is of a browniſh black colour; 
of a radiated or foliated texture, internally ſhining 
almoſt with the luſtre of a metal. It is of a mo- 
derate hardneſs, though ſometimes ſo friable as to 
be pulverable between the fingers. It contains about 


two-thirds of the peculiar calx or acid; and the 
reſt 
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reſt conkiſts chiefly of the calces of manganeſe and meTALLC 
iron. If either of theſe minerals be pulverized and  *<*P** 
digeſted in the vitriolic, nitrous, or marine acids (but Proceſs for ob- 
the latter is the moſt effectual), the calcareous earth 3 
of the tungſten, or the manganeſe and iron of the Wolfram. 
wolfram, which lie on the external ſurfaces of the 
particles, will be diſſolved; and the wolfram calx, 
being laid bare, will exhibit a yellow colour. The 
reſiduum, after edulcoration, or waſhing with water, 
being digeſted with volatile alkali, the wolfram calx, 
or acid, will be taken up, or extracted from the ſur- 
face, in the ſame manner; the yellow colour vaniſh- 
ing at the ſame time. This reſidue, after edulcora- 
tion, will again preſent a ſurface to be acted upon by 
the marine acid, which will ſeize another ſtratum of 
particles, that in the former digeſtion were defended 
by the wolfram calx, which was afterwards taken up 
by the volatile alkali. In this manner, by the alternate 
application of volatile alkali and marine acid, the 
mineral will at length be almoſt entirely diſſolved. 

The portions of acid are found to contain either the 
calces of manganeſe and iron, or elſe calcareous earth, 
according to the mineral made uſe of; and the alka- 
line ſolvent contains the acid of wolfram. The addi- 
tion of -nitrous acid to this laſt fluid precipitates a ſalt 
which has acid properties, and is ſparingly ſoluble in 
water. The firſt diſcoverer * called it the acid of 
tungſten, though in fact it contains both volatile al- 
kali and nitrous acid. It may however be deprived 
of theſe laſt by calcination, and is then of a brimſtone 
yellow colour. | 


* Schecle, 
The 
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_ Act of TUNGSTEN. 
METALLIC The yellow colour produced by applying marine 
ib, or nitrous acid in a digeſting heat, affords an eaſy 
method of diſtinguiſhing ſuch minerals as contain 
wolfram. 
Frocefs for ob- In the dry way, if the vegetable Abe be fuſed 
7010," wager: with either of theſe minerals, it takes up the calx 
woltram. or acid. This being diſſolved in water, filtered, and 
evaporated to . dryneſs, muſt be boiled in nitrous 
acid on a ſand bath. The acid takes up the alkali, 
and may be decanted off. A repetition of this 
boiling for two or tlitee times with freſh acid, will 
effectually carry off the whole of the alkali; and 
the adhering acid may be driven off by calcina- 
tion in a cupelling furnace. The powder is then 
yellow, and does not differ from that obtained 
by the diſtillation of volatile alkali in the moiſt 
way. 


Characters of This matter is not ſoluble in water; but when 


* triturated in that fluid it forms an emulſion, which 
paſſes through the filtre, and does not completely 
ſubſide in the courſe of three months. This does 
not form an emulſion with acids. Pure vegetable 
alkali diſſolves it, as has been already obſerved ; but 
the produce has always an exceſs of alkali; If more 
nitrous acid be added than is ſufficient to ſaturate the 
alkali, a precipitate falls down, which conſiſts of 
acid, alkali, and wolfram calx. . The addition of 'lime 
to this, or to the precipitate from volatile alkali, pro- 
duces a regenerated tungſten, or combination of lime 
with the wolfram calx or acid; and the alkali, to- 
gether with the nitrous acid, is found in * ſuper- 


Ratant fluid, 


Tt 
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it is ſeen * therefore that this yellow matter is either veTALLic 

an acid, or in a ſtate nearly approaching to acidity: 4158 

for it is not combinable with acids, and unites readily 

to alkalis and calcareous earth. 


4 


Arſenic, molybdena, and wolfram, are reducible to 
the metallic ſtate, and will again come under our in- 
ſpection when we treat of that claſs of bodies. 
The beſt account of this ſubſtance is to be found in 4 De 
Luyart's Chemical Analyſis of Wolfram,” of which a tranſlation 
was printed in London, 1785, with Scheele and Bergman's papers . 
prefixed. 
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PARTICULAR CHEMISTRY. 


SECTION II. 


OF METALLIC BODIES. 


CHAP, I 


CONCERNING GOLD. 


OLD is a yellow metal, of much greater ſpe» cov. 
cific gravity than any other body in nature, 
except platina. It is ſoft, very tough, ductile, and characters et 
malleable ; unalterable and fixed, whether expoſed to 
the atmoſphere, or to the ſtrongeſt heat of furnaces. 
The moſt powerful burning mirrors are ſaid to have 
volatilized it; and it has been driven up in fumes, in 
the metallic ſtate, by flame urged upon it by a ſtream 
of dephlogiſticated air. The electric ſhock converts 
it into a purple calx, as may be ſeen by tranſmitting 
Q 2 Pegs that 
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GOLDs 


THE PROPERTIES AND HABITUDES 


that commotion through gold leaf between two plates 


of glaſs; or by cauſing the exploſive fpark of three 


Obvious pro- 
perties. 


Extreme duc- 
tility and te- 


nacity. 


Manuſacture 
ef gold leaf: 


its thickneſs. 


Gilt wire. 


or more ſquare feet of coated glaſs to fall upon a 
gilded ſurface. A ftrong heat is required to melt it, 
which does not happen till after ignition. Its colour 
when melted is of a blueiſh green; and the ſame 
colour is exhibited by light tranſmitted: through gold 

leaf. | 
The limits of the ductility and malleability of gold 
are not known ; and its tenacity exceeds that of any 
other metal. A gold wire, of one tenth of an inch 
diameter, requires 500lb. weight to break it. | 

The method of extending gold, uſed by the gold- 

beaters, conſiſts in hammering a number of thin rolled 
plates between ſkins or animal membranes. By the 
weight and meafure of the beſt wrought gold leaf, it 
is found that one grain is mace to cover 56 ſquare 
inches; and from the ſpecific gravity of the metal, 
together with this admeaſurement, it follows, that 
the leaf itſelf is +555 part of an inch thick. This 
however is not the limit of the malleability of gold ; 
for the gold-beaters find it neceſſary to add three 
grains of copper in the ounce to harden the gold, 
which otherwiſe would paſs round the irregularities 
of the neweſt ſkins, and not over them; and in uſing 
the old ſkins, which are not ſo perfect and ſmooth, 
they proceed ſo far as to add twelve grains. The 
wire which is. uſed by the lace-makers is drawn from 
an ingot of ſilver, previouſly gilded. In this way, 
from the known diameter of the wire, or breadth 
when flattened; and its length, together with the 
quantity of gold uſed; it is found by computation. 
| that 


OF GOLD. 


that the covering of gold is only 1 part of the thick- 
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COLD. 


neſs of gold leaf; though it ſtill is ſo perfect as to OE 


exhibit no cracks when viewed by a microſcope. 

No acid acts readily upon gold but aqua regia and 
the dephlogiſticated marine acid. The vitriolic acid 
diſtilled from manganeſe has ſome action upon it ; 
as have likewiſe the pale nitrous acid, and the phoſ- 
phoric acid when boiling. 

The ſmall degree of concentration which the de- 
phlogiſticated marine acid is ſuſceptible of, and the 
imperfect action of the latter acids, render aqua regia 
the moſt convenient ſolvent for this metal. 


Solvents. 


Aqua regia. 


When gold is immerſed in aqua regia, an efferveſ- Solution of 


cence takes place with the eſcape of air, which has " 


not been examined the ſolution tinges animal matters 
of a deep purple, and corrodes them. By careful eva- 
poration, fine cryſtals of a topaz colour are obtained. 
The gold is precipitated from its ſolvent by a great 


number of ſubſtances. Lime and magneſia precipitate precipitates : 


it in the form of a yellowiſh powder. Alkalis exhibit 
the ſame appearance; but an exceſs of alkali rediſ- 
ſolves the precipitate. 'The precipitate of gold ob- 
tained from aqua regia by the addition of a fixed 
alkali, appears to be a true calx, and is ſoluble in the 
vitriolic, nitrous, and marine acids; from which how- 
ever it ſeparates by ſtanding, or by evaporation of 
the acids, The nut gall precipitates gold of a reddiſh 
colour, very ſoluble in the nitrous acid, to which it 
communicates a fine blue colour. 


— by earths 
and alkalis : 


The volatile alkali precipitates the ſolution of gold -—volatile al- 


much more readily than fixed alkalis. This precipi- 
tate, which is of a brown, yellow, or orange colour, 
Q3 poſſeſſes 
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FULMINATING GOLD- 


poſſeſſes - the property of detonating with a very con- 
ſiderable noiſe when gently heated. It is known by 
the name of fulminating gold. The preſence of vo- 
latile alkali is neceſſary to give the fulminating pro- 
perty to the precipitate of gold; and it will be pro- 
duced by precipitating it by ſixed alkali from an aqua 
regia previouſly made by adding ſal ammoniac to 
nitrous acid, or by precipitating the gold from pure 
aqua regia by means of ſal ammoniac inſtead of the 
volatile alkali alone. The fulminating gold weighs 
one fourth more than the gold made uſe of. A con- 
fiderable degree of precaution is neceſſary in prepar- 
ing this ſubſtance. It ought only to be dried in the 
open air, at a diſtance ſrom a fire, becauſe a very gentle 
heat may cauſe it to explode. Several fatal accidents 
have ariſen from its exploſion, in conſequence of the 
friction of ground ſtoppers in bottles containing this 
ſubſtance, of which a ſmall portion remained in the 
neck. 
Fulminating gold, when expoſed by Berthollet to 
a very gentle heat in a copper tube, with the pneu- 
matical apparatus of mercury, was deprived of its 
fulminating quality, and converted into a calx, at the 
ſame time that alkaline air was diſengaged. From 
this dangerous eFperiment it is aſcertained that ful- 
minating gold conſiſts of calx of gold, combined with 
the volatile alkali. The ſame eminent philoſopher 
cauſed fulminating gold to explode in copper veſlels. 
Phlogiſticated air was diſengaged, a few drops of water 
appeared, and the gold was reduced to the metallic 
form. From this experiment he infers that the volatile 
alkali was decompoſed ; that the phlogiſticated air, ſud- 
denly 
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denly aſſuming the elaſtic ſtate, cauſed the exploſion; Sort. 
while the vital air of the calx united with the inflam- 
mable air of the alkali, and formed the water. 

This ſatisfactory theory was ſtill further confirmed Theory. 
by that decompoſition of fulminating gold, which takes 
place in conſequence of the action of the concentrated 
vitriolic acid, of melted ſulphur, fat oils, and ether; 
all which deprived it of its fulminating quality by 
combining with its volatile alkali. 

Liver of ſulphur precipitates gold from its ſolvent ; Precipitation 
the alkali uniting with the acid, aud the gold falling % fleht: 
down, combined with the ſulphur ; of which how- 
ever it may be deprived by moderate heat. | 

Moſt metallic fubſtances precipitate gold from aqua — — 
regia lead, iron, and filyer precipitate it of a deep RE 
and dull purple colour ; copper and iron throw it down 
in its metallic ſtate; biſmuth, zinc, and mercury, like- 
wiſe precipitate it. A plate of tin immerſed in a 
ſolution of gold affords a purple powder, called “ the 
purple powder of Caſſius,” which is uſed to paint in 
enamel. There are various methods of managing 
this proceſs. That deſcribed þy Macquer conſiſts in Proceſs ſo 
diſſolving tin by very ſmall portions at a time without — =P 
heat, in an aqua regia compoſed of two parts of ni- cas. 
trous, and one of marine acid, previouſly weakened 
with water equal in weight to both the acids. The 
firſt ſmall portion of tin muſt be ſuffered to be 
entirely diſſolved before a ſecond is added. This 
addition muſt be continued till the acid has acquired 
a yellow colour, and ſcarcely acts at all upon the tin 


laſt added, 
| Q 4 On 
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GOLD. On the other hand, the pureſt gold muſt be diſſolved 
r an aqua regia compoſed of three parts of nitrous 
making the and ope of marine acid. This ſolution may be made 

—— as expeditiouſly as the operator chooſes by the aſſiſt · 
ance of the heat of a ſand bath. | 

Ihe ſolution of tin muſt then be largely diluted ; 

as, for example, with one hundred parts of diſtilled 

water; and a ſmall quantity of this may then be aſſayed 

by ſeparating it into two parts, and diluting one of 

the parts ſtill farther. Upon trial of both, by letting 

fall a drop of the ſolution of gold into each, it will 

be ſeen which affords the moſt beautiful purple pre- 

cipitate. The whole of the ſolution of tin muſt ac- 

cordingly be altered, if neceſſary, by adding more 

water. Pour into this ſolution, in a large glaſs or 

earthen veſſel, nearly half as much of the ſolution of 

gold as it contains of ſolution of tin, ſtirring the mix- 

ture with a glaſs ſtick. In a ſhort time the liquor will 

become of a beautiful red colour, which will gradually 

diſappear by the ſubſidence of the precipitate. By add- 

ing a ſmall quantity of ſolution of tin, it will-be ſeen 

whether the whole of the gold is precipitated. The 

clear liquor muſt then be decanted, and the precipitate 

waſhed. It conſiſts of the calces of gold and tin in 

combination, and is the only known ſubſtance which 

has the property of communicating a purple colour ta 

laſs. | . 

Obſervations, ; The difficulties attending the preparation of this 

article appear to depend on the ſtate of the tin. If 

the ſolution of this metal be made with heat and 

rapidity, it becomes too much calcined to adhere ta 
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the acid, or to precipitate the gold; and the combi- corn. 
nation of the two metals which falls down, varies in ——ů— 
colour accordingly as this term is approached. Theſe 
are the chief circumſtances ; but there is no doubt that 
a complete examination of the proceſs would indicate 
ethers worthy of notice. ö 

Ether, naptha, and eſſential oils, take gold from its Solutions of 
ſolvent, and form liquors which have been called g. 
potable gold. The gold which is precipitated by 
evaporation of theſe fluids, or by the addition of 
martial vitriol to the ſolution of gold, is of the utmoſt 


purity. 
In the dry way, gold reſiſts the actidh of neutral mol 1 


ſalts, more eſpecially nitre, which deflagrates with © 

the imperfect metals. Nitre however does not afford 

an expeditious way of purifying gold, becauſe this 

metal in ſome meaſure protects and covers the alloys 

from its action. It is remarked that borax, uſed as —but is rea- 
a flux with gold, renders it paler z and that this al- — _ 
teration of colour diſappears . by the addition of nitre, 

or common ſalt. As the acid of borax forms a com- 

pound with gold, which falls to the bottom when this 

acid is added to the metal in ſolution, it is probable 

that the paleneſs produced by borax may ariſe from 

the combination of a ſmall portion of its acid with the 

gold, which might be driven off by a continuance of the 

heat; and unites by ſtronger affinity with the alkali of 

the nitre, or of the common ſalt, in IE as their 

acids are diſſipated by heat. 

Earths and alkalis do not act on gold in the dry —unchanged 


way. Sulphur, which combines with moſt metals, on a.” 


has no effect on this. A proceſs called dry parting phur. 
is 
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DRY PARTING. 


is grounded on this property, and is more eſpecially 


Procefs of dry uſed in ſeparating filver from gold, when the quantity 


_ parting, 


of this latter metal is too ſmall to anſwer the charges 
of diflolving the larger maſs of filver in nitrous acid. 


For this purpoſe, the mixed metal is fuſed, and flowers 


of ſulphur thrown on its ſurface. This combines With 


the ſilver in the form of a black ſcoria; while the gold 


remains at the bottom in its metallic ſtate. The ope- 


Combination 
with liver of 
ſaulphu : 


ration of dry parting does not leave the gold in a ſtate 
of purity ; becauſe the laſt portions of filver are defended 
from the action of the ſulphur. But when the quantity 
of ſilver is thus diminiſhed, the operation of parting 
with aqua fortis, or nitrous acid, may be advantageouſly 
uſed. | | 

Liver of ſulphur diſſolves gold in the dry way. 
Equal parts of ſulphur and vegetable alkali are to be 
haſtily fuſed with one fourth of a part of gold leaf. 
This combination is ſoluble in water, with which it 
forms a yellowiſh green ſolution. By the addition of 
an acid the gold is thrown down in combination 


with the ſulphur ; of which it may be deprived by 


heat. 


with metals. Moſt metals unite with gold by ſuſſon. With ſilver 


it ſorms a compound, which is paler in proportion to 
the quantity pf. ſilver added. It is remarkable that a 
certain proportion, for example a fifth part, renders it 
greeniſh, From this circumſtance, as well as from 
that of a conſiderable proportion of theſe metals ſepa- 
rating from each other by fuſion, in conſequence of 
their different ſpecific gravities, when their proportions 
do not greatly differ, it ſhould ſeem that their union, 
is litt;e anore than a mere mixture, without combina- 

| 7 tion, 
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tion. For as gold leaf tranſmits the green rays of light, coup. 
it will eaſily follow, that particles of filver, enveloped 
in particles of gold, will reflect a green inſtead of a 
white light. | | 

A ſtrong heat is neceſſary to combine platina with Combinations 
gold ; it greatly alters the colour of the gold if its tartan = 
weight exceed the forty- ſeventh part of the maſs : it 
does not much affect the ductility. The Spaniſh mi- 
niſtry has prohibited the exportation of platina from 
America, leſt it ſhould be uſed in adulterating gold; 
but this does not appear to be a danger which need be 
feared, as chemiſtry has long been in poſſeſſion of Vide p. 233, 
ſeveral ſimple and expeditious methods of diſtinguiſh- gt — 
ing this fraud, which beſides is evident to the fight bon. 
when the quantity of debaſement is conſiderable. It 
may be queſtioned, likewiſe, whether the value of pla- 
tina would not ſoon exceed that of gold, if its proper- 
ties and uſes were better known in ſociety. 

Mercury is ſtrongly diſpoſed to unite with gold in Mercury : 
all proportions, with which it forms an amalgam: this, 
like other amalgams, is ſofter, the larger the proportion 
of mercury. It ſoftens and lique ſies by heat, and cryſ- 
tallizes by cooling. | 

Lead unites with gold, and conſiderably impairs its —lead, copper, 


duclility. Copper renders gold leſs ductile, harder, 4 
more fuſible, and of a deeper colour. This is the 
uſual addition in coin, and other articles uſed in ſo- 


ciety. Tin renders it brittle in proportion to its quan- Alchorne in 
tity 3 but it is a common error of chemical writers i. 


to ſay that the ſlighteſt addition is ſufficient for this 
purpoſe. With iron it forms a grey mixture, which 


obeys the magnet, This metal is very hard, and is 
ſaid 
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faid to be much ſuperior to ſteel for the fabrication of 
cutting inſtruments. Biſmuth renders gold white and 
brittle; as do likewiſe nickel, arſenic, and antimony. 
Zinc produces the ſame effect; and, when equal in 
weight to the gold, a metal of a fine grain is pro- 
duced, which is ſaid to be well adapted to form the 


mirrors of refleCting teleſcopes, on account of the fine 


Native ores, or 
alloys of gold. 


polith it is ſuſceptible of, and its not being ſubjeCt to 
tarniſh, The alloys of gold with the regulus of man- 
ganeſe or molybdena are not known. It could not be 
mixed with the regulus of wolfram, on account of the 
infuſibility of this laſt ſubſtance. 

Gold is found moſtly in the metallic ſtate, though 
generally alloyed with ſilver, copper, iron, or all 
three. It is found either in ſeparate lumps, or viſible 
grains, among the ſands of rivers in many parts of 
Europe, and elſewhere, The quantity is for the moſt 
part inſufficient to pay the coſt of ſeparating it; but 
it is thought to be more univerſally diffuſed in ſands 
and earths than any other metal, except iron. The 


_ greateſt quantity of gold is imported into Europe from 


Purification. 


South America. Some is brought from the Eaſt 
Indian iſlands and China, and fome from the coaſt 


of Africa. The principal gold mines in Europe are 


thoſe of Hudgary. Some ſands afford gold by ſimple 
waſhing ; the heavy metallic particles ſubſiding ſooneſt : 
but when it is bedded in earths or ſtones, theſe ſubſtan- 
ces are pounded, and boiled with one tenth of their 
weight of mercury, together with water. The mer- 
cury, after a certain time, abſorbs the gold, and may be 
ſeparated by preflure through leathern bags, and ſubſe- 


quent diſtillation. Or otherwiſe, if the ſand be heated 
0 red 
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red hot, and quenched in water ſeveral times, for the coLv. 
purpoſe of cracking and dividing it, and the whole St” 
be then melted into glaſs, with twice its weight of the fands. 
calx of lead, called litharge, and charcoal powder be 
then added, the lead will be revived into the me- 
tallic ſtate, and will carry the gold along with it. By 
expoſure to a proper degree of heat, with acceſs of 
air, the lead may again be converted into litharge, 
and the gold will be left pure. This laſt operation is 
in fact a method of aſſaying ſands which contain gold, 
rather than of obtaining it from them in the large 
Way. | 
Gold is alſo found in certain martial pyrites in Pyrites con- 
Sweden and elſewhere; from which it may be ex- CER 
tracted by torrefaction, or burning of the ſulphur, and 
ſubſequent digeſtion in aqua regia. 
To obtain gold in a ſtate of purity, or to aſcertain Cupellation of 
the quantity of alloy it may contain, it is expoſed — 
to a ſtrong heat, together with lead, in a porous 
crucible. This operation is called cupellation, and 
is performed as follows: The precious metal is put, 
together with a due proportion of cad, into a ſhallow 
crucible made of burned bones, called a cupel ; and 
the fuſion of the metals is effected by expoſing them 
to a conſiderable heat in a muffel, or ſmall earthen 
oven, fixed in the midſt of a furnace. The lead 
continually vitrifies, or becomes converted into a 
glaſſy calx, which diſſolves all the imperfect metals. 
This fluid glaſs, with its contents, ſoaks into the 
cupel, and leaves the precious metal in a ſtate of 
purity. During the cupellation, the ſcoriæ running 
down on all ſides of the metallic maſs produce an 


appear- 
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perfe metals : 


—by quarta- 


tion: 


—and * 
mered, or rolled out thin, to the action of boiling aqua 


Fineneſ(s of 
guld. 


ASSAYING OF GOLD BY CUPELLATIONy 


appearance called circulation; by which the operator 
judges whether the proceſs is going on well. When 
the metal is nearly pure, certain priſmatic colours 
flaſh ſuddenly acroſs the ſurface of the globule, which 
ſoon afterward appears very brilliant and clean : this 
is called the brightening, and ſhews that the ſeparation 
is ended, 

After gold has paſſed the cupel, it may ſtill contain 
either of the other perfect metals, platina or filver. 
The former is ſeldom ſuſpected; the latter is ſeparated 
by the operations cailed quartation and parting. Quar- 
tation conſiſts in adding three parts of filver to the 
ſuppoſed gold, and fuſing them together; by which 
means the gold becomes one fourth of the maſs only. 
The intention of this is to ſeparate the particles of 
gold from each other, ſo that they may not cover and 
defend the ſilver from the action of the pure nitrous 
acid, which is to be uſed in the proceſs of parting. 
Parting conſiſts in expoſing the maſs, previouſly ham- 


fortis of a due ſtrength. If the acid be not too con- 
centrated, it diſlolv-:3 the ſilver, and leaves the gold in 
a porous maſs of the original form; but, if too ſtrong, 
the gold is in a powdery form, which may be waſhed 
and dried. The weight of the original metal before 
cupellation, and aſter all the ſubſequent ſtages, ſerves . 
to aſcertain the degree of ſineneſs of the ingot, or ore, 
of which it was a part. 

'The quantity of alloy is never conſidered as part of 
the value of metals which contain either gold or ſilver. 
In eſtimating or expreſſing the fineneſs of gold, the 
whoſe maſs ſpoken of is ſuppoſed to weigh twenty- 

; four 
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four carats of twelve grains each, either real or merely n. 
proportional, like the a{fayer's weights; and the pure $2 
gold is called fine. Thus, if gold be ſaid to be 23 

carats fine, it is to be underſtood, that ia a maſs 
weighing 24 carats the quantity of pure gold amounts 

to 23 carats. 

In ſuch ſmall works as cannot be aſſayed by er The affay of 
ing off a part and cupelling it, the aſſayers endeavour _ — 
to aſcertain its quality, or finenefs, by the touch. This 
is a method of comparing the colour and other pro- 
perties of a minute portion of the metal with thoſe 
of certain ſmall bars whoſe compoſition is known. 

"Theſe bars are called touch-needles ; ; and they are Touch-needles, 
rubbed upon the black baſaites, which for that reaſon 
is called the touchſtone. Black flint, or pottery, will 
ſerve the ſame purpoſe. Sets of golden needles may 
conſiſt of—pure gold; pure gold 233 carats, with half 
a carat ſilver; 23 carats gold, with one carat ſilver; 
22+ carats gold, with 14 carat ſilver; and ſo forth, 
till the ſilver amounts to four carats; after which the 
additions may proceed by whole carats. Other needles 
may be made in the ſame manner, with copper inſtead 
of ſilver ; and other ſets may have the. addition conſiſt - 
ing either of equal parts flyer and copper, or ſuch pro- 
portions as the occaſions of bulineſs require. 

In foreign countries, where trinkets and ſmall work Obſervations 
are required to be ſubmitted to the aſſay of the touch, AY * 
a variety of needles are neceſſary; but they are not 
much uſed in England. They afford however a de- 
gree of information which is more conſiderable than 
might at firſt be expected. The attentive aſſayer 
not only compares the colour of the ſtroke made upon 
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the touchſtone by the metal under examination with 


2 y by % that produced by his needle, but will likewiſe attend 


Afﬀay of gold 
ores in the 
moiſt way. 


Uſes of gold. 


to the ſenfation of roughneſs, dryneſs, ſmoothneſs, 
or greaſineſs, which the texture of the rubbed metal 
excites when abraded by the ſtone. When two ſtrokes 
perfectly alike in colour are made upon the ſtone, he 
may then wet them with aqua fortis, which will affect 
them very differently if they be not ſimilar compo» 
ſitions: or the ſtone itſelf may be made red-hot by 
the fire, or by the blow-pipe, if thin black pottery be 
uſed; in which caſe the phenomena of calcination 
will differ according to the nature and quantity of 
the alloy. 

Gold ores may be aſſayed in the moiſt way by pound- 
ing them very fine, weighing a determinate portion, 
and attempting their folution in nitrous acid, which 
will diſſolve the matrix if it conſiſt of calcareous earth; 
or, if it be ſelenite, the powder may be digeſted in aqua 
regia as long as any metallic ſubſtance is taken up z 
after which the gold may be precipitated by an addi- 
tion of vitriol of iron, which will cauſe it to fall down 


in the metallic ſtate. 


The principal uſe of gold is as the medium of ex- 
change in coin ; for which it has been choſen to occupy 
the firſt place, on account of its ſcarcity, its great 
weight, and its not being ſubject to tarniſh. The gold 
coins of Great Britain contain eleven parts of gold, 


and one of copper. 


Gold is likewiſe uſed in gilding; for which purpoſe, 
as we have already ſhewn, it is mechanically divided 
into leaves of extreme thinneſs. Theſe are ſtuck upon 
wood, previouſly ſmeared with adheſive oil, or animal 
glue, 


USES OF GOLD. 


glue, called fize. The proceſs called water-gilding, 
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which is uſually applied to copper or braſs, is per- Water-gilding. 


formed by immerſing the clean copper into a diluted 
ſolution of mercury. The copper is corroded by the 
acid, which at the ſame time depoſits a thin coating of 
mercury. This coating, after the piece is waſhed, fa- 
cilitates the adheſion of an amalgam of gold, which 
is then to be rubbed upon it. 7 he mercury is after- 
wards volatilized by heat; and the work is finiſhed by 
burning gilding wax upon it, which is a compoſition of 
red bole, verdigriſe, alum, and bees wax. The inten- 
tion of this laſt application appears to be that of con- 
cealing the defects of the gilding. 

There is another method of gilding, which is per- 
formed by ſteeping linen rags in a ſolution of gold. 
Theſe are afterwards dried and burned to aſhes, which 
contain gold in a very divided ſtate. Nothing more 
is neceſſary than to moiſten the end of a cork, and dip 
it in this burned matter, together with a little wood- 
aſhes, and rub it upon the face of the ſilver intended 
to be gilded. By this means the gold eaſily adheres. 

The other uſes of gold, in laces, &c. are — 
known. 
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ſilver. 


THE PROPERTIES AND 2 


II. 


CONCERNING SILVER. 


ILVER is the whiteſt of all metals, conſiderably 

harder than gold, very duQtile and malleable, but 
leſs malleable than gold ; for the continuity of its parts 
begins to break when it is hammered out into leaves of 
about the hundred and ſixty thouſandth of an inch 
thick, which is more than one third thicker than gold 
leaf: in this ſtate it does not tranſmit the light, Its 
ſpecific gravity is moderate, being inferior to platina, 
gold, mercury, and lead. It ignites before melting, 
and requires a ſtrong heat to fuſe it. The heat of 
common furnaces is inſufficient to calcine it : but the 
heat of the moſt powerful burning lenſes vitrifies a 


| portion of it, and cauſes it to emit fumes z which, when 


received on a plate of gold, are found to be ſilver in 
the metallic ſtate. It has likewiſe been partly calcined 
by twenty ſucceſſive expoſures to the heat of the por- 
celain furnate at Seves. The air alters it very little; 


though it is difpoſed to obtain a thin purple or black 


coating from the ſulphureous vapours which are emit- 
ted from animal ſubſtances, drains, or putrefying mat- 
ters. This coating, after a long ſeries of years, has 
been obſ-rved to ſcale off from images of ſilver expoſed 
in churches; and was ſound, on examination, to con- 
fiſt of ſilver united with ſulphur. 

2 | Silver 


HABITUDES OF SILVER. 


\ 


| Silver is ſoluble in the vitriolic acid when concen- 81Lves. 


trated and boiling, and the metal in a ſtate of divi- 


fion. The marine acid ſcarcely as upon it, unleſs ſilver in acids. 


dephlogiſticated : but the nitrous acid diſſolves it with 
great rapidity, and with a plentiful diſengagement 
of nitrous air; which, during its extrication, gives 
a blue or green colour to the acid, that entirely diſ- 
appears if the ſilver made uſe of be pure: if it con- 
tain copper, the ſolution remains greeniſh; and if 
the acid contain either vitriolic or marine acid, theſe 
combine with a portion of the filver, and form 
ſcarcely ſoluble compounds, which fall to the bot- 
tom. If the filver contain gold, this metal ſeparates 
in blackiſh coloured flocks. The nitrous acid diſ- 
ſolves more than half its weight of ſilver; and the 
ſolution is very cauſtic, that is to ſay, it deſtroys and 
corrodes animal ſubſtances very powerfully. This 
action appears to depend on the ſtrong diſpoſition 
of. the ſilver to become revived ; by which it either 
attracts phlogiſton from thoſe ſubſtances according 
to the ancient theory, or communicates vital air to 
them according to the new theory: ſo that the 
animal ſubſtances undergo a proceſs equivalent to 
combuſtion. 


The ſolution of ſilver, when fully ſaturated, _— Combination 


fits thin cryſtals as it cools, and alſo by evaporation. 1 
Theſe are called lunar nitre, or nitre of ſilver. A 
gentle heat is ſufficient to fuſe them, and drive off 
their water of cryſtallization. In this ſituation it is 
of a black colour, may be caſt into ſmall ſticks in a 
mould, and then forms the lapis infernalis, or lunar 


8 uſed in ſurgery. A ſtronger heat decompoſes 
R 2 lunar 
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Lunar cauſtic. 


Page 172, 173. 


Vitriol of ſilver. 


COMBINATIONS OF SILVER. 


lunar nitre, the acid flying off, and the ſilver remain- 
ing pure. It is obvious that, for the purpoſe of form- 
ing the lunar cauſtic, it is not neceffary to ſuffer the 
ſalt to cryſtallize, but that it may be made by evapo- 
rating the ſolution of filver at once to dryneſs ; and 
as ſoon as the ſalt is fuſed, and ceaſes to boil, it may 
be poured out. 'The nitrous acid driven off from 
lunar nitre is decompoſed, the products being vital 
air and phlogiſticated air, 

Although the nitrous acid diſſolves ſilver with ſuch 
great facility, it appears to do this only in conſequence 
of its great power to caleine the metal; for the vi- 
triolic and marine acids have a greater attraction for 


'the calx. They accordingly take it from that acid, 


and form ſalts; which, as we have already obſerved, 
fall to the bottom on account of their difficult ſolu- 
bility. . The vitriol of filver, which is formed by 


pouring vitriolic acid into the nitrous ſolution of fil- 


ver, is ſparingly ſoluble in water, and on that account 


forms cryſtals, which are ſo ſmall that they compoſe 


Lunea cornea, 


Malleable 
Clas. 


a white powder. The marine acid precipitates from 


\ nitrous acid the ſaline compoud called luna cornea, 


or horn filyer, which has been ſo diſtinguiſhed be- 
cauſe, when melted and cooled, it forms a ſemi-tranſ- 


parent and partly flexible maſs, reſembling horn. It 
is ſuppoſed that a preparation of this kind has given 


riſe to the accounts of malleable glaſs. 

If any falt with baſe of alkali, containing the ma- 
Tine acid, be added to the nitrous folution of ſilver, 
the ſame effect takes place by double affinity; the alka- 
line baſe, uniting with the nitrous acid, and the ſilver 
falling down in combination with the marine acid. 

| Since 


COMBINATIONS OF SILVER. 


Since the marine acid throws down only ſilver, lead, 


and mercury, and the latter of theſe two are not pre 


ſent in ſilver that has paſſed cupellation, though a 
ſmall quantity of copper may elude the ſcorification 
in that proceſs, the ſilver which may be revived from 
luna cornea is purer than can readily be obtained by 
any other means. When this ſalt is expoſed to a 
low red heat, its acid is not expelled ; and a greater 
heat cauſes the whole concrete either to riſe in fumes, 
or to paſs through the pores of the veſſel. To re- 
duce it, therefore, it is neceſſary that it ſhould be 
triturated with its own weight of fixed alkali and a. 
little water, and the whole afterwards expoſed to heat 
in a crucible whoſe bottom is covered with mineral 
alkali z the maſs of luna cornea being likewiſe co- 
vered with the ſame ſubſtance. In this way the acid 
will be ſeparated from the ſilver, which is reduced to 


its metallic ſtate. 


Very pure fil- 


from luna cor-- 


As the precipitate of luna cornea is very percep- Teſt of marine 


tible, the nitrous ſolution of filver is uſed as a te 


of the preſence of marine acid in waters; for a drop 
of this ſolution poured into ſuch waters will cauſe a 


ſt acid in waters. 


very evident cloudineſs. The ſolution of ſilver is alſo Purification of 


uſed by affayers to purify the nitrous acid from any 
admixture of marine acid. In this ſtate they call it 


precipitated aqua fortis. 


The precipitates of filver which are formed by Precipitates. 


the addition of alkalis or earths, are all reducible by 
mere heat, without the addition of any combuſtible 
ſubſtance. The fulminating combination of volatile 


alkali with ſilver, exhibits one of the moſt aſtoniſhing 
R 3 inſtances 
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SILVER. inſtances, of chemical detonation hitherto known *, 
—— Pure ſilver is diſſolved in pale nitrous acid, and pre- 
Ong cipitated by the addition of lime-water. This calx, 

: or precipitate, after decantation of the fluid, is to 
be dried by expoſure to the air for three days. The 
inventor thinks the preſence of light has ſome influ- 

' ence in the ſucceſs of the experiment. The dried 
calx being agitated or ſtirred in a ſolution of cauſtic 
volatile alkali, aſſumes the form of a black powder, 
from which the fluid is to be decanted, and the black 
ſubſtance left to dry in the air. This is the fulmi- 
nating ſilver. / 

Iꝛs effects. Gunpowder and fulminating gold are not to be 
compared with this new product ; as the former re- 
quires ignition, and the latter a ſenſible degree of 
heat, to cauſe them to fulminate. But the ſlighteſt 
agitation or friction is ſufficient to cauſe the fulmi- 

| nating ſilver to explode. When it is once obtained, 
it can no more be touched. The falling of a few 
atoms of this preparation from a ſmall height pro- 
duced the detonation ; a drop of water falling upon it 

| had the ſame effect. No attempts therefore can be 
made to incloſe it in a bottle; but it muſt remain in 
the capſule wherein, by evaporation, it obtained this 
terrible property. 

Precautions. To make this experiment with ſafety, it is proper 
to uſe no greater quantity than a grain of ſilver; the 
laſt deſiccation ſhould be made in a metallic veſſel; 


and the face of the operator ſhould be defended by 


* Diſcovered by Berthollet, See the Journal de Phyſique for 


June 1788, p 474. 
a maſk, 
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a maſk, with holes for the eyes defended with ſtrong sixvxx. 


glaſs. 


The volatile alkali made uſe of in converting the Fulminating 


calx of filver into the black precipitate, was expoſed N 


to ebullition in a ſmall matraſs of glaſs; and the fluid 
being then ſuffered to cool, che inſide of the veſſel 
became lined with ſmall cryſtals. When one of theſe 
was touched beneath the cold liquid, an exploſion took 
place, which broke the matraſs in pieces, and threw 
the liquid up to the ceiling of the laboratory. 


Ver, 


The inventor's theory of theſe effects is the ſame Theory of the 


as that of fulminating gold. The combination con- 
ſiſts of volatile alkali and calx of filver; that is to 
ſay, in the new theory, of inflammable air, phlogiſti- 
cated air, filver, and vital air. The ſlighteſt change 
of temperature or agitation diſpoſes the inflammable 
air to combine with the vital air, which adheres very 
feebly to the ſilver. Theſe form water, while the 
phlogiſticated air is diſengaged, and the ſilver reduced 
to the metallic ſtate, The exploſion depends on the 
ſudden tranſition of the phlogiſticated air and the 
water to the elaſtic ſtate by heat: but the change of 
capacity from which the heat ariſes has not yet been 


inventor, 
page 231: 


explained. On the phlogiſtic theory, it will be ſaid by the phlo- 


that the ſilver is revived by combining with the in- 
flammable air, or phlogiſton of the alkali ; while the 
phlogiſticated and vital air fly off in the exploſion. 


giſtic hy pothie - 
ſis. 


It is a valuable diſcovery of Mr. Keir *, that a mix- Keir's com- 


ture of ſtrong vitriolic acid with the nitrous acid, or 
nitre, is a powerful ſolvent of ſilver, though it ſcarcely 


Phil. Tranſ. 1780, p. 367, 
R 4 . « "oo 


pound acid, 
page 174. 
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PRECIPITATES OF SILVER. 


acts upon the other metals. This is of conſiderable im- 
portance in the Birmingham manufactures, where the 
ſilver. in the cuttings of plated copper is required to 
be ſeparated from this laſt metal. For this purpoſe 
the pieces of metal are put into a glazed earthen pan, 
and a compoſition of eight or ten pounds of oil of 
vitriol, with one pound of nitre, is poured upon them, 
ſtirred about, and the action of the fluid aſſiſted by 
a heat between 100? and 200% of Fahrenheit. When 
the liquor 1s nearly ſaturated, the filver is to be preci- 
pitated by common ſalt, which may be eaſily after- 
wards reduced; or, otherwiſe, the ſilver may be pre- 
cipitated in its metallic ſtate by adding to the ſolution 
a few of the pieces of copper, and a ſufficient quan- 
tity of water, which enables the liquor to act on the 
copper. The theory of this effect ſtill remains to be 
inveſligated. 

Sulphur combines readily with ſilver in the dry way; 
but may be ſeparated by a ſtronger heat. The ſul- 
phur of liver of ſulphur likewiſe blackens ſilver, and 


combines with it, whether the ſilver be immerſed in 


the liquid ſolution, or expoſed to hepatic air. 


Action of aqua Aqua regia acts ſtrongly on ſilver; but precipitates 


regia upon 


_ filver, 


Precipitation 


of filver by 


mictals, 


it in the form of luna cornea as faſt as it is diſſolved. 
This effect quay be eaſily underſtood by conſidering 
that the nitrous acid diſſolves the ſilver, and the ma- 
rine precipitates it. 

The neutral ſalts alone do not alter filver either in 
the moiſt or dry way; nitre, in particular, does not 
deflagrate with this metal, 

Moſt metallic ſubſtances precipitate ſilver in the 
metallic ſtate from its ſolution, The aſtayers make 

uſe 


TREE OF DIANA. 249 


uſe of copper to ſeparate the filver from the nitrous s1Lyss. 
acid uſed in the proceſs of parting. The precipita- N 
tion of ſilver by mercury is very flow, and produces 

a peculiar ſymmetrical arrangement, called the tree of Tree of Diana, 
Diana, In this, as in all precipitations, the þeculiar 

form may be affected by a variety of concomitant 
circumſtances ; for which reaſon one proceſs uſually 

ſucceeds better than another. Lemery directs that Proceſs of Le- 
an ounce of fine ſilver be diſſolved in a ſufficient 
quantity of very pure and moderately ſtrong nitrous 

acid ; that this ſolution be mixed in a matraſs, or 

bottle, with about twenty ounces of diſtilled water ; 

and that, after the addition of two ounces of mer- 

cury, the whole be ſuffered to repoſe. During 

the ſpace of forty days a kind of tree of ſilver will 

be formed on the ſurface of the mercury, with 

branches greatly reſembling a vegetable ſubſtance in 

its ramifications. The foregoing proceſs is ſaid by 

Macquer to ſucceed very well; but the following, of 


Homberg, is much ſhorter. 

Make an amalgam, without heat, of four drams of Homberg's 
leaf filver, with two drams of mercury. Diſſolxe — 
this amalgam in four ounces, or a ſufficient quantity tree of Diana, 
of pure nitrous acid of a moderate ſtrength ; dilute 
this ſolution in about a pound and a half of diſtilled ; 
water; agitate the mixture, and preſerve it for uſe 
in a glaſs bottle, with a ground ſtopper. When this 
preparation is to be uſed, the quantity of one ounce 
is put into a phial, and the ſize of a pea of an amal- 
gam of gold or ſilver, as ſoft as butter, is to be added; 
after which the veſſel muſt be left at reſt. Soon 
afterwards ſmall filaments appear to iſſue out of the 


ball 
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SILVER» ball of amalgam, which quickly increaſe, and ſhoot 
— — out branches in the form of ſhrubs. 
Theoretical In the above experiment of Lemery the nitrous 
obſervations. acid depoſits its filyer at the ſame time that it takes up 
mercury; and in conſequence of the liquor being 
ſo much diluted, the proceſs goes on ſlowly, and the 
precipitated filyer has time to arrange itſelf according 
Page 81. to the law of its cryſtallization, whether that depend 
on the polarity of its particles, or on any other pro- 
perty not yet explained. In the method of Homberg 
there are two circumſtances which appear calculated 
to forward the proceſs: in the firſt place, the nitrous 
acid already contains mercury in ſolution, which may 
probably render it more diſpoſed to part with the ſilver; 
and, in the next place, the mercury is combined with 
ſilver or gold in the form of an amalgam. Theſe 
may perhaps facilitate the precipitation of the filver, 
by preſenting a baſe for it to combine with; which 
may be more perfectly at repoſe, becauſe leſs agitable 
than the fluid mercury in the former experiment. 
After all, however, though the general theory of the 
experiment is not difficult, yet it does not ſeem caſy 
to point out the effectual cauſe of the differences be- 
tween the two reſults. 


Combinations Silver unites with gold by fuſion, and forms a 


f ſilver ; with 8 i 
— pale alloy, as has been already mentioned in treating 


—with platina. of that metal. With platina it forms a hard mix- 
ture, rather yellower than ſilver itſelf, and of diffi- 
cult ſuſion. The two metals do not unite well. 
Silver melted with one tenth part of crude platina, 
from which the ferruginous particles had been ſepa- 


rated by a ſtrong magnet, could not be rendered 
clear 
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clear of ſcabrous parts, though it was repeatedly fuſed, $1LvEs. 
poured out, and laminated between rollers. It was — 
then fuſed, and ſuffered to cool in the crucible, but 

with no better ſucceſs. After it had been formed, by 

rolling and hammering, into a ſpoon for blow-pipe 
experiments, it was expoſed to a low red heat, and 

became rough, and bliſtered over its whole ſurface. 

The quantities were one hundred grains of ſilver, 

and ten grains of platina. Nitre was added during 

the fuſions. 

Silver very readily combines with mercury, A Combinations 
very ſenſible degree of heat is produced when ſilver — 
leaf and mercury are kneaded together in the palm of 
the hand. With lead it forms a ſoft maſs, leſs ſono- —with lead : 
rous than pure filver. With copper it becomes —with copper: 
harder and more ſonorous, at the ſame time that it 
remains ſufficiently ductile. This mixture is uſed in 
the Britiſh coinage. Fifteen parts of ſilver, alloyed 
with one of copper, form the compound called ſtand- 
ard ſilver. The mixture of filver and iron has been 
little examined. With tin it forms a compound —withtin, c. 
which, like that of gold with the ſame metal, has 
been ſaid to be brittle, however ſmall the proportion; 
though there is probably as little foundation for the 
aſſertion in the one caſe as in the other. With 
biſmuth, arſenic, zinc, and antimony, it forms brittle 
compounds. It does not unite with nickel. The 
compound of filver and wolfram in the proportion 
of two of the former to one of the latter, was ex- 
tended under the hammer during a few ſtrokes ; but 
afterwards ſplit in pieces, 

Silver 
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SILVER. 


Native ſilver 
and its ores. 


Purifying of 
native ſilver. 


Vitreous ore 
of ſilver. 


Analyſis in the 


moiſt way: 


NATIVE SILVER. 


Silver is found either native or mineralized. The 
native ſilver is found in Peru, and various parts of 
Europe; ſometimes in conſiderable maſſes, and often 
diffuſed through ſand, ochre, or lime-ftone. It is 
ſeldom pure, but is generally alloyed with copper, 
and ſometimes with gold, iron, or regulus of anti- 
mony. The mineralized ſilver contains ſulphur and 
arſenic, or both, with other admixtures. | 

Native ſilver may be purified by pounding or waſh- 
ing, or amalgamation with mercury; and the ſilver 
itſelf is refined by cupellation with lead in the ſame 
manner as gold. In the large way, the litharge, or 
vitrified lead, is blown from the ſurface of the filver 
by bellows, inſtead of ſoaking into the crucible. Gold 
may be ſeparated from filver by parting with aqua 
regia, or treatment with ſulphur in the dry way, 
which combines with the filver, and leaves the gold 
diſengaged. 

The vitreous filver ore is the richeſt ore of ſilver, 
and contains from ſeventy to eighty pounds of filver 
in the hundred weight; the reſt being ſulphur, with 
rarely any other metal, except a ſmall portion of iron. 
It is found either in ſolid large lumps, or inherent 
in quartz or ſpar. Its colour generally reſembles that 
of lead; but grows dark by expoſure to the air. It 
uſually poſſeſſes a flight degree of malleability, and 
is ſufficiently ſoft to be cut by a knife. 

To analyſe this ore in the moiſt way, it may be 
boiled in nitrous acid, which acidifies the ſulphur, 
and cauſes great part to fly off in the form of vitriolic 


acid air. Common ſalt, or marine acid, will preci- 
| pitate 


r 
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pitate the ſilver in the form of luna cornea, which may 81LveR, 
be either reduced or accounted for by deducting one 
fourth of its weight when waſhed and dried, which 


fourth of its weight is marine acid. 


In the dry way, it may be redũced by expoſing it to —in the dry 
a heat not ſufficient to melt it. In this way the ſul- 
phur is diſſipated, and the filver remains uſually in a 
fibrous form. Small portions may be conveniently 
decompoſed in this manner by the blow-pipe upon 
charcoal. 

The red ſilver ore is a heavy ſhining ſubſtance, either Red ſilver ore. 
tranſparent or opake; ſometimes grey or blackiſh, but 


always reddiſh when powdered : it uſually contains 


more than half, and ſometimes three fourths of its 
weight of ſilver, the reſt being arſenic and ſulphur. 

In the moiſt way, this ore is analyſed by reducing Analyſis in the 
it to fine powder, and boiling it with diluted nitrous LICL. 
acid. The reſidue, which contains the ſulphur and 
the arſenic, mult be edulcorated with water; and the 
arſenic may be diſſolved by boiling in a ſufficient 
quantity of aqua regia. If the ſulphur ſhould retain 
any luna cornea, it may be ſeparated by keeping it 
for ſome days in a cloſed veſſel, with its own weight 
of diluted cauſtic volatile alkali. The clear nitrous 
ſolution being mixed with the water uſed in the edul- 
coration, affords a precipitate of luna cornea by the 


addition of ſea falt, which may either be reduced or 
accounted for in the ſame manner as in the aſſay of 


the vitreous ſilver ore. 
Silver united with - ſulphur, arſenic, and copper, is —— uy I 
generally called the white ore of filver. One hundred W 


grains of this being reduced to a powder, and gently 
boiled 
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SILVER. boiled for an hour in more than twelve times its weight 
* of diluted nitrous acid, the copper and ſilver are diſ- 
ſolved, and a white reſiduum remains. The ſilver is 
precipitated in the metallic form by the immerſion of a 
clean plate of copper; and the copper being afterwards 
precipitated by the addition of volatile alkali, may be 
accounted for by allowing 194 grains of the precipitate 
to one hundred of the copper, and deducting the loſs 
ſuſtained by the plate of copper which was immerſed 
in the ſolution. The white reſiduum may be deprived 
of its arſenic and iron by boiling in marine acid. The 
arſenic may be precipitated by the addition of water 
and afterwards the iron, if any, by Pruſhan alkali. 
The undifſolved- ſulphur may be treated with volatile 
alkali, to try whether it contains either copper or luna 

cornea. 
j The other ores of iilver, of which there is conſider- 
| | able variety, may be analyfed by varying the proceſſes 


according to the ſuppoſed or known general contents 
| of the ore“. 
Method of aſ- Sulphureous and arſenical filver ores may be aſſayed 
ſaying ſilver, or : . 
by roaſting and ſubſequent fuſion with a greater or 


its ores, in the 
Wy Way. leſs quantity of flux. In the fuſion, the filver is ob- 


tained alloyed with lead, copper, or iron, which may 
be ſeparated by cupellation with lead, and the filver 
left pure. The fineneſs of filver is denoted” by the 
aſſayers, by mentioning the number of pennyweights 
and grains of pure filver contained in the ounce, So 


See page 237. 


For which conſult Bergman's Treatiſe on the Art of Aſſay ing in 
the Humid Way, inſerted in the 2d vol. of the Engliſh tranſlation of 

his Opuſcula, or Eſſays. | 
that 
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that if an ounce of filver be found to loſe half a tives. 


pennyweight by cupellation, it is ſaid to be eleven 
pennyweights twelve grains fine; if it loſe a whole 
pennyweight, it is ſaid to be eleven pennyweights fine, 


manner as gold. For this purpoſe, the aſſayers are 
provided with a ſet of needles or ſmall bars; the firſt 
of which contains vg part of its weight of copper, 
and the reſt filyer z the ſecond contains g parts of 
copper; the third F, parts; and ſo on to the laſt, 
which contains 15 parts of copper to one of ſilver. 
By the reſemblance of colour on the touchſtone, an 
eſtimate may be made of the fineneſs of the ſilver to 
ſomething nearer than the zoth part of the whole, 
which is a conſiderable acquiſition in the examination 
of ſmall articles, ſuch as rings, trinkets, and the like. 
It is true indeed that the uſe of the touch ſuppoſes 
the precious metal to be alloyed with copper only, 
which may not be the caſe ; and conſequently the 
aſſayer is liable to be deceived in this reſpect : but he 
may in this cafe have recourſe to aqua fortis, or the 
blow-pipe, in the ſame manner as directed in the fore- 
going chapter. 


Kc. Silver is likewiſe tried by the touch, in the ſame Page 239, 240. 
Aſſay of ſilver 
dy the touch. 


In the large works, where ſilver is extracted, the Extraction of 


proceſſes are grounded on the properties already de- 
ſcribed. Native filver is triturated with mercury; 
after which the amalgam is waſhed, to ſeparate the 
earthy particles; and the quickſilver ſeparated, partly 
by preſſure in leathern bags, and partly by diſtillation 
in iron retorts. 


Rich ſulphureous ores are roaſted, and fuſed with by fire. 


lead, to refine the filyer by cupellation. The poorer 
ores, 


* 


filver from 
ores in the 
large way, by 
amalgamation: 
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ores, which contain copper, are fuſed with pyrites, 
which affords a maſs conſiſting of copper, ſulphur, and 
filver. Lead is then added, and the maſs treated in 
the way of eliquation. The lead flows out, carrying 


the ſilver with it; and, laſtly, theſe two metals are 


Uſes of ſilver. 


ſeparated by the teſt, on which the lead is converted 
into litharge, and the ſilver remains pure. 

The uſes of ſilver are well known: it is chiefly ap- 
plied to the forming of various utenſils for domeſtic 
uſe, and as the medium of exchange in money. Tts 


- diſpoſition to aſſume a black colour by tarniſhing, and 


its ſoftneſs, appear to be the chief objection to its uſe 
in the conſtruction of graduated inſtruments for aſtro- 
nomical and other purpoſes, in which a good white 
metal would be a defirable acquiſition. 


CHAP. 
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CHAP. III. 
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CONCERNING TLATIN A. 2 — 


P is one of the metals for the diſcovery of rIArixA. 
which we are indebted to our cotemporaries. It 8 
has yet been found only in Spaniſh America, among platina. 
the gold mines there. We receive it in the form of 
ſmall particles, from the minuteſt ſize up to that of a 
pea ; though theſe laſt are very ſeldom met with. Its 
particles or grains are ſmooth, irregularly figured with 
round edges, and are flattened, probably by hammering 
in the mills in which the gold is amalgamated, - Theſe Crude platina. 
grains are of a whiter colour than iron, and are con- 
ſiderably malleable. In the ſtate in which we receive 
them, they are often mixed with ferruginous ſand, 
which may be ſeparated by the magnet; and aifo with 
grains of quartz or cryſtal. When it is ſeparated from 
heterogeneous particles, the crude platina itſelf is 
ſlightly magnetic, and is between ſixteen and eighteen 
times as heavy as water. The moſt violent fires are 
inſufficient to melt it, though its parts may be made to 
cohere together into a ſolid button by the ſtrong heat 
of a wind furnace. Burning lenſes of the moſt power- 
ful kind fuſe it, and convert it into a malleable metal; 
and ſmall portions of crude platina may be eafily melted 
upon 2 by flame urged by a ſtream of vital 
air. 

Pure or refined viating is by much the heavieſt Pure platina. 
body in nature. It is very malleable, though conſi- 
8 Adcrably 
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PLATINA. derably harder than either gold or ſilver; and it hardens 


Cs of much under the hammer, Its colour on the touch- 


platina. ſtone is not diſtinguiſhable from that of ſilver. When 
in the higheſt degree of purity, it is not magne- 
tical z but when its ſpecific gravity is as low as 
21.36 it contains iron ſufficient to render it magne- 
tical, Pure platina requires a very ſtrong heat to 
melt it; but when urged by a white heat, it is ſaid 
that its parts will adhere together by hammering. 
This property, which in iron is diſtinguiſhed by the 
Welding, name of welding, is peculiar only to platina and that 
metal, which reſemble each other likewiſe in - their 
infuſibility. 
Solution in de- Platina is not altered by expoſure to air; neither is 
2 3 it acted upon by the moſt concentrated ſimple acids, 
even when boiling, or diſtilled from it. The dephlo- 
giſticated or aerated marine acid diſſolves it, as does 
likewiſe aqua regia; and both are ſaid to form the 
ſame ſalts with it. In this particular of ſolubility 
platina reſembles gold. 
—in aqua re- The aqua regia beſt adapted to the ſolution of 
9285 platina is compoſed of equal parts of the nitrous and 
marine acids. The ſolution does not take place with 
rapidity. A ſmall quantity of nitrous air is diſen- 
gaged; the colour of the fluid becoming firſt yellow, 
and afterwards of a deep reddiſh brown, which, upon 
dilution with water, is found to be an intenſe yellow. 
This ſolution is very corroſive, and tinges animal 
matters of a blackiſh brown colour: it affords cryſ- 
Diſtinctive tals by evaporation. The metal is precipitable from 
character, 1 . 8 
its ſolution by ſal ammoniac; a property by which it 
is diſtinguiſned from all other metals, in the ſame 
| a manner 
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manner as the ſolution of gold is characterized by its eLATINA. 


precipitation upon the addition of martial vitriol. In 


this way, a compound folution of gold and platina gold from pla- 
ina, 


may be ſeparated by precipitating either of the two b 
metals at pleaſure. The orange- coloured precipitate 
of platina, obtained by means of ſal ammoniac, is a 
ſaline ſubſtance, completely ſoluble in water; but its 
component parts have not been well aſcertained. It 
is fuſible without addition by a good forge furnace, - 
and forms a brilliant, denſe, and cloſe-grained button, 
which is not malleable, probably on account of part of 
the ſaline ſubſtance not being diſhpated. . 


The ſame precipitate, expoſed to the ſtronger heat — pla- 


of a blaſt furnace, was fuſed into a perfectly malleable 
regulus by the Count de Milly. See Magellan's Cron- 
ſtedt, page 574.—I have ſeveral ſmall ſpecimens of 
this platina, which is in thin plates or bars; their 
ſpecific gravity is above 214; in which I do not 
pretend to a greater accuracy than ,.3,th part of the 
weight, becauſe the quantities are ſo ſmall. It is 
perfectly malleable, hard, and elaſtic, and obeys a 
ſtrong magnet when the pieces are floated upon water. 
One ſmall piece which was fuſed by Parker's lens is 
not at all magnetical, and ſeems to exceed 22 in ſpeci- 


fic gravity. 


Alkalis and the ſoluble earths precipitate platina in Precipitates. 


the form of a calx from its ſolution. The Pruſſian 
alkali, hereafter to be deſcribed, does not precipitate 
it as it does all other metals; but it throws down 
a plentiful blue precipitate, conſiſting of iron, which 
was contained in the Pruſſian blue. 'This property 
therefore affords a method of ſeparating the iron 
8 2 from 
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LAT INA. from platina, which always contains it. The vola- 


tile alkali precipitates platina of an orange yellow co- 


our. Neutral ſalts, with baſe of fixed alkali, do not 


Crucibles of 
platina, 


Combinations 
with metals, 


Cupellation. 


precipitate it. 

Moſt of tlie metals precipitate platina from its ſolu- 
tion; but it does not in general fall down in the me- 
tallic ſtate. | 

This metal is ſcarcely affected in the dry way by ſa- 
line ſubſtances. Calx of arſenic facilitates its. fuſion, 
and the ſemi-metal forms a brittle compound with the 
platina. Mr. Achard ſucceeded in making crucibles 
of platina, by fuſing equal parts of platina, white arſenic, 
and vegetable alkali, This matter, when cooled, was 
reduced to a powder, and rammed into the mould of 
the veſſel intended to be formed. A {ſtrong heat, 
quickly raiſed, and continued for ſome time, fuſed the 
maſs ; and, after diſſipating the arſenic and the alkali, 
left the platina in the form defired. 

Platina does not readily combine with gold, except 
by a ſtrong heat; and it greatly debaſes the colour of 
that metal: it does not readily unite with ſilver; to 
which however it communicates part of its hardneſs, 
while it impairs its colour and brilliancy. It altogether 
reſiſts the action of mercury; or at leaſt this mutual 
action does not ſeem to be ſtronger than that of mer- 
cury and iron. Lead and platina unite very well by 
fuſion ; the lead becomes much leſs ductile, and even 
brittle, according to the proportions of the platina, In 
the attempts to cupel platina with lead, the proceſs 
went on as it does uſually with filver and gold in the 
beginning; but as ſoon as a conſiderable portion of the 


lead was diſſipated, the platina fixed, and the operation 
ceaſed. 
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ceaſed. But with a ſtronger heat, ſuch as that of a yLarina, 


porcelain furnace, the operation may be completed, — — 
It has with metals. 


and malleable platina obtained free from lead. 


not been united with forged iron; but with caſt iron 


it formed a brittle compound, With copper it melts 
with conſiderable facility; and in due proportions 
forms a compound which takes a very beautiful poliſh, 
and is not ſubject to tarniſh: this has been uſed for 
the mirrors of reflecting teleſcopes. Tin and platina 
melt very eaſily, and form a compound, ſcarcely duQile 
when the tin abounds, but very brittle when the platina 
predominatcs. Biſmuth and antimony unite with 
platina by fuſion, and form brittle compounds, which 
do not promiſe to be of any conſiderable utility. Zinc 
likewiſe combines readily with it, and renders it very 


fuſible; this alloy is brittle, hard, and of a blueiſh 


colour. Wolfram can ſcarcely be brought to ſhew any 
ſign of union with platina. Cobalt, manganeſe, and 
molybdena have not been tried, : 

The commerce of platina has been interdicted by 
the Spaniſh miniſtry, from an apprehenſion that it 
might be employed in the adulteration of gold, — 
Whether this prohibition has ſince been taken off, I 
know not; but it ſeems needleſs, as the mixture of 
platina greatly alters the obvious qualities of gold, and 
can be very readily aſcertained by the teſt of ſal am- 


moniag before pointed out. 
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| MERCURY. 


CHAP. TV. 
CONCERNING MERCURY. 


ERCURY is diſtinguiſhed from all other metals 
by its extreme fuſibility, which is ſuch that 
it does not take the ſolid ſtate until cooled to the thir- 
ty-ninth degree below o on Fahrenheit's thermometer; 
and of courſe it is always fluid in the temperate cli- 
- mates of the earth. Its colour is white, and rather 
bluer than filver. In the ſolid ſtate it is malleable“; 
its ſpecific gravity is greater than that of any of the 
other metals, platina, gold, and wolfram excepted. It 
is volatile, and riſes in ſmall portions at the common 
temperature of the atmoſphere, as is evinced by ſeveral 
experiments, more eſpecially in a vacuum, ſuch as ob- 
tains in the upper part of a barometer tube. At the 
temperature of about ſix hundred degrees it boils ra- 
pidly, and riſes copiouſly in fumes. , Few of the other 
metals melt at ſo low a temperature as the boiling 
point of mercury. When expoſed to ſuch a heat as 
may cauſe it to riſe quickly in the vaporous form, it 
gradually becomes converted into a red calx, provided 
vital air be preſent. This is known by the name of 
| A greater heat however revives 
this metallic calx, at the ſame time that the vital air is 
again extricated. —_ 
* The reader will find an ample account of the freezing of quick- 
filver in Dr, Blagden's Hiſtory, vol. Ixxiil. of the Philoſophical Tranſ- 
Mercury 
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Mercury is not perceptibly altered by expoſure to uE. 
the air; though by long agitation, with acceſs of air, 3 
it becomes converted into a black powder or calx, 
which gives out vital air by heat, the metal being at 
the ſame time revived. This metal is diſpoſed to at- 
tract moiſture; and cannot, for that reaſon, be uſed 
; in the ccnſtruction of the beſt barometers and thermo- 
meters until it has been firſt boiled in an open veſſel 
for the {pace of about half an hour. 
When mercury is agitated in a dry glaſs bottle, the Electric light. 
friction between the metal and the glaſs produces elec- 
tricity, If the bottle be imperfectly exhauſted, this 
electricity paſſes into the vacuum, and produces a light 
which was formerly thought to be a proof of the per- 
fection of the vacuum in the upper part of barometer 
tubes; but which in fact does not appear in ſuch ba- 
rometers as have been cleared of air by careful. boiling 
in the tube. 

The vitriolic acid does not act on this metal, unleſs Afton of vitri- 
it be well concentrated and boiling. For this purpoſe, — 
mercury is poured into a glaſs retort, with near twice 
its weight of vitriolic acid. As ſoon as the mixture 
is heated, a ſtrong efferveſcence takes plage, vitriolic - 
acid air eſcapes, the ſurface of the mercury becomes 
white, and a white powder is produced; when the 
vitriolic air ceaſes to come over, the mercury is found 
to be converted into a white, opake, cauſtic, ſaline maſs, 
at the bottom of the retort, which weighs one third 
more than the mercury, and is decompoſed by heat. 

Its fixity is conſiderably greater than that of mercury 
itſelf. If the heat be raiſed, it gives out a conſiderable 
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quantity of vital air, the mercury being at the ſame 
time revived. | 


Vitriol andeals The white maſs produced by the action of vitrio- 


of mercury. 


lic acid upon mercury, conſiſts partly of a ſaline maſs, 


or vitriol of mercury, and partly of a calx, or mer- 


Turbith mine- 
ral. 


cury united to vital air (ſimply, according to the new 
theory; or deprived of phlogiſton, according to the old 
theory, which phlogiſton is ſuppoſed to enter into the 
combination of the vitriolic acid air). Water ſepa- 
rates the ſalt from the calx, which laſt is then of a 
yellow colour. Much waſhing is required to produce 
this colour, if cold water be uſed; but if a large quan- 
tity of hot water be poured on, the calx immediately 


_ aſſumes a bright lemon colour. In this ſtate, it is 


Precipitates. 


Solution in nl- 
traus acid. 


called turbith mineral. 

The vitriol of mercury affords a ſalt by evaporation, 
in ſmall needle-formed deliqueſcent cryſtals. The ad- 
dition of a large quantity of water, more eſpecially if 
heated, decompoſes vitriol of mercury, which depoſits 
turbith mineral, unleſs there be an exceſs of acid in 
the fluid. | 
The fixed alkalis, magneſia, and lime, precipitate 
mercury from its ſolution : theſe precipitates are redu- 
cible in cloſed veſtels by mere heat without addition. 

The nitrous acid rapidly attacks and diffolves mer- 
cury, at the fame time that a large quantity of nitrous 
air is diſengaged ; and the colour of the acid becomes 
green during its cſcape. Strong nitrous acid takes up 
its own weight of mercury in the cold; and this ſolu- 
tion will bear to be diluted with water. Bur if the 
ſolution be made with the aſſiſtance of heat, a muck 
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larger quantity is diſſolved; and a precipitate of calx 
will be afforded by the addition of diſtilled water, 
which is of a yellow colour if the water be hot, or 
white if it be cold, and greatly reſembles the turbith 
mineral -produced with vitriolic acid : it has accord- 
ingly been called nitrous turbith. If acid be added to 
the ſolution made with heat, it loſes its property of 
being decompoſed by water. This decompoſition is 
not complete, but only deprives the acid of the redun- 
dant calx. 

All the combinations of mercury and nitrous acid 
are very cauſtic, and form a deep purple or black ſpot 
upon the ſkin. They afford cryftals, which differ ac- 
cording to the ſtate of the ſolution. When nitrous 
acid has taken up as much mercury as it can diſſolve 
by heat, it uſually aſſumes the form of a white ſaline 


MERCURY. 


Nitrous ture 
bith. 


Mercurial 


nitre. 


maſs. When the combination of nitrons acid and mers- / 


cury is expoſed to a gradual and long continued low 
heat, it gives out a portion of nitrous acid, and be- 


comes converted into a red ſubſtance, fimilar in all Red precipi. 


reſpects to the red calx of mercury formed by ſimply 2 


heating it in contact with vital air. This is known by 
the name of red precipitate. 


When red precipitate is ſtrongly heated, a large —decompoſed, 


quantity of vital air is diſengaged, together with ſome 
phlogiſticated air, and the Bb is ſublimed in the 
metallic form. 

Mercurial nitre is more ſoluble in hot than cold 
water, and affords cryſtals by cooling. It is decom- 
poſed by the affuſion of a large quantity of water, un- 
leſs the acid be in exceſs. 

When mercury is diſſolved in nitrous acid by means 


of 
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of heat, nitrous air is emitted at firſt z and afterwards 
it ceaſes, though the ſolution ſlill proceeds. The mec- 
cury which is taken up during the firſt part of the pro- 
ceſs is calcined, and the other portion is diſſolved in 
the metallic ſtate. If the ſolution be ſtopped in the 
firſt part of the proceſs, fixed and volatile pure alkalis 
precipitate the yellow calx ; but if the ſolution be con- 
tinued after the .eſcape of the elaſtic fluid has ceaſed, 
the precipitate obtained by the ſame means is black, 
on account of the admixture of metallic mercury, 
which may be ſeparated from the yellow calx by diſ- 
tillation. 

Ponderous earth, magneſia, and lime, precipitate the 
nitrous ſolutions of mercury; and theſe precipitates, as 
well as all the other calces of this metal, are reducible 
by heat alone without addition. 

The precipitates of mercury from acids, by means 
of alkalis, poſſeſs the property of exploding when ex- 
poſed to a gradual heat in an iron ſpoon, after having 
been previouſly triturated with 3 of their weight of 
flowers of ſulphur. The reſidue conſiſts of a violet- 
coloured powder, which is converted by ſublimation 
into cinnabar. It ſeems therefore as if the ſulphur 
combined ſuddenly with the mercury, and expelled 
vital air in the elaſtic ſtate. 

The vitriolic acid, or the ſalts containing it, decom- 
poſe the nitrous ſolutions of mercury by virtue of the 
ſtronger attraction of the vitriolic acid to the metal. 
The precipitate which falls down does not eſſentially 
differ from the ſubſtance produced by the direct ſolu- 
tion of mercury in the vitriolic acid. The marine acid 
likewiſe ſeizes the mercury diſſolved in the nitrous acid, 

and 
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and forms a compound which falls to the bottom. This MAU. 


conſiſts of a very cauſtic ſalt, which is called corroſive πνν. 


ſublimate, and is produced when the nitrous ſolution limate. 


contains only calx of mercury; but when that ſolution . 


is ſaturated with metallic mercury, the compound 
which falls down by the addition of marine acid is 


called white precipitate, and does not differ from the 


preparation which, when made in the dry way, is called 
calomel, or mercurius dulcis. 

The acetous and molt other acids combine with the 
calx of mercury, and precipitate it from its ſolution in 
the nitrous acid. 


CalomeL 


The marine acid does not act perceptibly upon mer- Combination of 


cury in the metallic ſtate ; but the dephlogiſticated or 


mercury with 
dephlogiſticat- 


ad rated marine acid readily diſſolves it, and forms the d marine acid, 


ſame combination as ariſes from the direct union of 
marine acid with calx of mercury; that is to ſay, cor- 
roſive ſublimate. | 


The great ſpecific gravity of mercury rendered it an Preparation of 


corroſtye ſub- 


object of peculiar attention to the alchemiſts and ear- 1;mate. 


lier chemiſts ; many of whom hoped to fix it in the 
form of a ſolid ſubſtance, or to extract gold from it. 
From theſe motives, a great variety of proceſſes have 
been made with it, by methods which are much leſs 
direct and ſimple than thoſe of modern chemiſtry. 
Among others, the combination of the calx of mercury 
with marine acid is produced by ſeveral methods in the 
dry way by ſublimation. In 'the large way, corroſive 
ſublimate is prepared by triturating equal parts of mer- 
cury, common ſalt, and vitriol together, and expoſing 
the whole to a moderate heat. The corroſive ſubli. 


mate riſes, and adheres to the upper part of the glaſs 
veſſel, 


— 
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veſſel. In this operation, the vitriolic acid from the 
vitriol is fuppoſed to calcine the mercury, or to de- 
phlogiſticate the marine acid of the common falt; in 
either of which caſes the compound of marine acid 
with calx of mercury will be formed. From this theory, 
it will eaſily be underſtood that corroſive ſublimate may 
be prepared by various methods. If the white maſs or 
calx of mercury, produced by expoſing that metal to 
the action of vitriolic acid, be heated in a matraſs with 
an equal quantity of common falt, this ſublimate will 
be had by double affinity; the vitriolic acid partly ſa- 
turating the alkali, and the marine acid uniting with 
the calx of mercury, and riſing by ſublimation. In 
the ſame manner, the nitrous mercurial ſalt, or the 
mercurial precipitates, may be uſed inſtead of the calx 
of mercury by vitriolic acid. : 

As the cauſticity of metallic ſalts depends chiefly on 
the diſpoſition of the calcined metal to reſume the me- 
tallic ſtate, at the ſame time that it burns or calcines 
the ſubſtance to which it may be applied ; it is accord- 
ingly found that corroſive ſublimate poſſeſſes this pro- 
perty in the moſt eminent degree; it is therefore one 
of the moſt active mineral poiſons. This ſalt is ſo- 
luble in water, though ſparingly, and alſo m ardent 
ſpirit, It is precipitated of an orange colour by fixed 
alkalis. 'The abſorbent earths likewiſe throw down its 
calx. Volatile alkali affords a white precipitate, which 
ſoon after aſſumes a ſlate colour. 


Sal alembroth, Corroſive ſublimate becomes much more ſoluble in 


water by the addition of fal ammoniac, with which it 
forms a triple compound, called ſal alembroth by the 
alchemiſts, which cryſtallizes by cooling. The addi- 
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addition of a fixed alkali throws down a white calx MErxCvuey. 
of mercury, called white precipitate in the diſpenſa- Joe pech. 


tories. tate. 
The preparation of calomel is uſually made by tri- preparation of 
calomel, or 


turating corroſive ſublimate in a glaſs mortar with mercurius dul- 
fluid mercury, added by a little at a time, until no cis. 
more can be made to diſappear. A ſmall quantity of 
water added to the corroſive ſublimate during this part 
of the proceſs, prevents that ſalt from riſing in the 
form of noxious duſt. In this ſtate, the combination 

is the ſame as that obtained from the ſaturated nitrous 
ſolution of mercury by the addition of marine acid. 
The mixture of corroſive ſublimate and mercury is 
more perfectly combined by expoſing it to ſublimation. 

It adheres to the internal part of the ſabliming veſſel in 
the form of a white maſs, of a ſtriated texture. If 
there be any ſuſpicion of its containing corroſive ſub- 
limate, which is not probable on account of the more 
volatile nature of the latter, they may be ſeparated by 
means of warm water, the calomel being inſoluble. 

When one part of antimony, which is the native Butter of anti- 
combination or ore of antimony with ſulphur, is tritu- . 
rated or accurately mixed with two parts, of corroſive 
ſublimate, and expoſed to diſtillation, the dephlogiſti- 
cated or atrated marine acid combines with the regu- 
lus of antimony, and riſes in the form of the compound 
called butter of antimony ; while the ſulphur combines 
with the mercury, and forms cinnabar. If the regulus 
of antimony be uſed inſtead of the mineral, the reſidue 
which riſes laſt conſiſts of running mercury, inſtead of 
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ceinnabar. 
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The combination of mercury and ſulphur is called 
cinnabar. It is one of the moſt uſual ores of this 
metal. Native cinnabar is not much uſed ; but the 
artificial combination of the ſame nature is well known 
in the arts by the name of vermilion. The manu- 
facture of this pigment has long been in the hands 
of the. Hollanders, who kept it a ſecret ; and as there 
is ſome difficulty in perfectly ſucceeding in the proceſs, 


chemical writers have given various methods of per- 


forming it, moſt of which, according to Mr. Tuckert, 
are inaccurate. This gentleman has given a full ac- 
count of the method uſed at Amſterdam, which I find 
extracted from Crell's Chemical Journal, and inſerted 
in the fourth volume of the Annales de Chimie, Its 
contents are as follow : 

The manufactory at which Mr. Tuckert ſeveral 
times aſſiſted in the preparation of artificial cinnabar 
is without the Utrecht port at Amſterdam; and is one 
of the moſt conſiderable in Holland. Forty- eight 
thouſand pounds of vermilion are annually made in 
three furnaces, by four workmen, beſides other mer- 
curial preparations. 

The ethiops mineral is ſirſt prepared by mixing to- 
gether 150 pounds of ſulphur with 1080 pounds of 
pure mercury, and then expoſing the mixture to a 
moderate heat in a flat-bottomed poliſhed iron veſſel, 
one foot in depth, and two feet and a half in diameter. 
Its form is that of a chocolate machine. Mr. Tuckert 
does not enter into the particular manipulations of the 
Hollanders in this part of the proceſs, becauſe the 
methods of producing the black combination of mer- 
cury with ſulphur are well known. 
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The mercurial ethiops thus prepared is in the next MERCURY. 


place pounded, in order that it may more readily. be 


put into {mail earthen bottles, capable of holding each 
about 24 ounces of water, Thirty or forty of theſe 
bottles. ars filled, to be in readineſs for the ſubſequent 
operation. 

In the next place, chree large pots or ſublimatory 
veſſels made of clay and very pure ſand are taken. 
Theſe veſſels are previouſly covered with a coating of 
lute, which is ſuffered to become perfectly ſolid and 
dry before the veſſel is uſed. Mr. Tuckert refers to 
a German tranſlation of a work of Mr. Machy for 
the figure of theſe veſſels, as well as for the compo- 
ſition of the lute. As we have not that tranſlation, 
it is impoſſible for us to give any further information 
on theſe heads than may be gathered from the reſt of 
this memoir. Theſe pots are placed over three fur- 
naces upon iron circles. The ſublimatory veſſels 
may be of different ſizes, and the furnaces are con- 
ſtructed in ſuch a manner as that the flame circu- 
lates freely round the veſſels, to two thirds of their 
height. | 

When the veſſels are duly placed in their furnaces, 
a moderate fire is firſt lighted, which is gradually 
raiſed until they become red hot. The fuel is turf, 
or rather peat, commonly uſed throughout the United 
Provinces. As ſoon as the veſſels are red hot, a 
bottle of the ethiops is poured into the firſt, another 
into the ſecond, and another into the third. In the 
ſubſequent progreſs of the operation, two, three, 
and perhaps more bottles may be poured in at a 


time; but this depends on the ſtrength of the in- 
flammation 
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mercury. flammation exhibited by the ethiops after its intro- 

htc Ee duction ; the flame of which ſometimes riſes to the 
height of four and even fix feet. When this is a 
little diminiſhed, the mouth of the veſſel is covered 
with a plate of iron, one foot ſquare and an 
inch and a half thick, which perfectly cloſes it. In 
this way, during thirty-four hours, the whole of the 
prepared matter is introduced into the three pots, 
that is to ſay, for each pot three hundred and fixty 
pounds of mercury, and fifty of ſulphur. 

After all the ethiops has been introduced, the fire 
is duly kept up; and when the whole ſublimation 
has taken place, it is ſuffered to go out, which re- 
quires thirty-ſix hours from firſt to laſt. The work- 
men know when the fire is too ſtrong or too weak, 
by the appearance of the flame when the iron cover 
is taken off: if too ſtrong, the flame riſes to the 
height of ſeveral feet; if on the contrary it be too 
weak, the flame barely appears—playing about the 
edges of the pot. The proper degree of heat is, 
when upon taking off the cover a briſk flame appears, 
but does not riſe more than three or four inches above 
the opening. 

| In the laſt thirty-ſix hours, the maſs was e ſtirred 
every quarter or half hour with an iron bar, 
to accelerate the ſublimation. The workmen do 
this with ſo much courage, that Mr. Tuckert was 
every time apprehenſive they would fall into the 

j veſſels. 
When the whole is cool, the veſſels are taken out 
by means of iron circles, which prevent their break- 


ing. The cinnabar is taken out by breaking the 
veſlel, 
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veſſel. | Each veſſel conſtantly affords four hundred Mr. 


pounds of cinnabar, the loſs of original weight in each 
being ten pounds. e 

The cinnabar does not attach itſelf to the plates of 
iron, becauſe they are ſo frequently taken off, except- 


ing towards the end, when the veſſels were left 


untouched. Theſe plates are not in the leaſt cor- 
roded. | | 

Livers of ſulphur are decompoſed in the humid way 
by mercury, which unites with the ſulphur.” With the 
fixed alkaline livers of ſulphur it forms a black powder, 
or ethiops, by agitation, which in the courſe of a num- 


Cinnabar, 


ber of years becomes red; but the volatile alkaline Cinnabarform. 
ed in the hu- 


hepar, or fuming liquor of Boyle, converts mercury mid way. 


into a fine cinnabar in a very ſhort time, Turbith 


mineral, and the precipitates of mercury, are likewiſe 


converted into cinnabar by this alkaline hepar. 


Mercury unites by trituration with oils and muci- Vaguents, &c; 


lages, with which it forms black or deep blue com- 


-pounds. A ſmall part of the mercury in theſe ſeems 


to be in combination, and the reſt in a ſtate of ex- 
treme divifion, 

This metal can ſcarcely be exhibited 3 in the dry way, 
on account of its volatility, The degree of heat re- 
quired to convert it into the red calx called preci- 
pitate per ſe, is rather lower than its boiling point, 


and a greater reduces it again to the metallic ſtate, 


The calcination and reduction of mercury, without 


addition, afford one of the ſtrongeſt arguments in 


favour of the ſyſtem which rejects phlogiſton. 


In the production of the red calx of mercury, it is Red calx of 


mercury, or 


required that air be preſent, and the metal kept in a 


precipitate 
* ſtate Per ſe. 
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MERCURY. ſtate of briſk evaporation, On this account it is four 
convenient that the veſſel ſhould be ſo deep, and its 
aperture ſo ſmall, .that the fumes may not make their 
eſcape. It may be inferred that, in this ns well as 
other calcinations, there is an abſorption of vital air 
more eſpecially as vital air is expelled from the calx by 
heat *. When the experiment is made in cloſed veſſels 
by means of a body of the kind marked C, fig. 15, 
whoſe neck is introduced beneath a jar containing 
common air over mercury, the vital part is abſorbed, 
and phlogiſticated or foul air remains; and afterwards, 
by an augmentation of heat, the mercury is revived, 
at the ſame time that it reſtores the conſtitution of the 
air by the emiſſion of the vital air. Ten days or a 
fortnizht's conſtant heat is required to convert a few 
grains of mercury into precipitate per ſe in the ſmall 
way. 

Amalgams. Mercury, being habitually fluid, very readily com- 
bines with moſt of the metals, to which it commu- 
micates more or leſs of its fuſibility. When theſe 
metallic mixtures contain a ſufficient quantity of mer- 
cury to render them ſoft at a mean temperature, they 
are called amalgams. 

Combinativas It very readily combines with gold, ſilver, lead, tin, 
22 biſmuth, and zine; more difficultly with copper, arſe- 
nic, and regulus of antimony; and ſcarcely at all with 
platina or iron: it does not unite with nickel or co- 
balt; and its action on manganeſe, wolfram, and 
molybdena is not known. Looking-glaſſes are co- 
vered on the back ſurface with an amalgam of tin. 


E — 
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* Laveiſier, Traits Klementaire de Chimie, page 35. 
In 


dkxEs. 


in this operation, mercury is poured oh tin foil, upon 
a flat ſtone, and ſpread with a feather till its union with 
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Combinations 


the tin has brightened every part of its ſurface, A of metals 


large quantity of mercury is then poured on, and the 
glaſs i is flided along the fluid ſurface ; upon which it 
is afterwards preſſed by weights, to exclude the ſuper- 
fluous mercury. 


Mercury is found native in flaty or quattzoſe earths, Native wer- 


or viſibly diffuſed through maſſes of clay or ſtone. ores 
Native precipitate per ſe, or ealx of mercury; has 
alſo been found; and this metal has likewife been 
met with in combination with the vitriolic and marine 
acids. Its volatility may probably have cauſed it to be 
overlooked in many minerals that may contain it. The 
greateſt quantity of mercury is found in combination 
with ſulphur; in the form of cinnabar. Mercury is a 
fcarce metal: Moſt of the mercury in commerce is 
afforded by the mines of Idria in the Auſtrian domi- 
nions, Almaden in Spain, and Guancavelica in Peru. 


— 


The native mercury requires little more than waſh- 


ing to ſeparate it from its matrix. Cinnabar in the 
native ſtate is frequently mixed with calcareons earth; 
in which caſe the mercury may be ſeparated by diſtilla- 
tion, becauſe the calcareous earth combines with and 


| detains the fulphur. Pure cinnabar may be decom- Decompoſition 
poſed by the addition of about one third of its weight af. 


of iroti. In all cafes wherein pure mercury is re- 
quired, it muſt be diſtilled from cinnabar, or its ſul- 
phureous combination. For this purpoſe, the mercury 
may be converted into ethiops, and diſtilled with twice 


its weight of quicklime or iron filings. Mercury in Purity of mers 


eommerce is judged to be pure, when it is perfectly 
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MERCURY. fluid, and runs in neat globules, without any pellicle 
Toon” on its ſurface, or without ſoiling a funnel of clean 


Humid ana- 
lyſis of cinna- 
dar. 


Uſes of mer- 


cury. 


white paper, through which it may be poured by a 
very ſmall aperture at bottom. If it leaves nothing 
behind after evaporation, its purity may be ſtill more 
depended upon. 

To analyſe native cinnabar, its ſtony matrix ſhould 
firſt be diffolved in nitrous acid; and the cinnabar, 
being diſengaged, ſhould be boiled in eight or ten 
times its weight of aqua regia, compoſed of three 
parts nitrous, and one marine acid : the mercury may 
then be precipitated in'the metallic form by the addi- 
tion of zinc. | | 

The uſes of mercury have already been mentioned 
in the preſent chapter, and elſewhere. The amalga- 
mation of the noble metals, water-gilding, the making 
of vermilion, the ſilvering of looking-glaſſes, and the 
preparation of ſeveral powerful medicines, are the 
principal uſes to which this metal is applied. 
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CHAP. V. 


| CONGERNING LEAD. Es 
EAD is a white metal, of a conſiderably blue rap. 
tinge, very ſoft and flexible, not very tenacious, — 
and conſequently incapable of being drawn into fine lead. 
wire, though it is eaſily extended into thin plates under 
the hammer. Its weight is very conſiderable, being 
rather greater than that of filver. Long before igni- 
tion, namely, at about the 540th degree of Fahren- . 
heit's thermometer, it melts; and then begins to be 
calcined, if reſpirable air be preſent. In a ſtrong heat 
it boils, and emits fumes; during which time, if ex- 
poſed to the air, its calcination proceeds with conſi- 
derable rapidity. If melted lead be poured into a box 
previouſly rubbed with chalk to prevent its action on 
the wood, and be continually agitated, it will con- Granulated. 
crete into ſeparate grains, of conſiderable uſe in vari- 
ous mechanical operations, particularly that of weigh. 
ing. Lead is brittle at the time of congelation. In 
this ſtate it may be broken to pieces with a hammer, 
and the cryſtallization of its internal parts will exhibit 
an arrangement in parallel lines. 

This metal, during the progreſs of heat, firſt be- Calcination. 
comes converted into a duſky powder, which by a 
continuation of the heat becomes white, yellow, and 
afterwards of a bright red inclining to orange colour, 
called minium, or red lead. The proceſs requires Minjum, or 
conſiderable management with regard' to the heat a 
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accefs of air, in the making of red lead. Many days are 
required for this purpoſe. If the heat be too great or 
rapid, the lead becomes converted into a flaky ſub- 
ſtance, called litharge; and a ſtill greater heat con- 
verts it into a clear, tranſparent, yellow glaſs, which 
powerfully diſſolves and corrodes metallic calces or 
earthsz and on this account it uſually finds its way 
through the crucibles in a ſhort time. It acts more 
difficultly on argillaceous than on filiceous earths ; 
whence it is found that veſſels made of clay mixed 
with broken pottery are preferable to thoſe that are 
compoſed of clay and ſand. The calx of lead is a 
principal ingredient in moſt of the modern fine white 
glaſſes. It is more particularly calculated to form the 
denſe glafs uſed to correct the aberration ariſing from 


Achromaticte- colour j in thoſe teleſcopes which are known by the 


name of achromatic z becauſe it communicates the 
property of ſeparating the coloured rays from each 
other in greater angles than obtain in alkaline glaſſes 
at equal angles of mean refraction. The imperfection 
which moſt conſiderably affects this kind of glaſs is, 


that its denſity is ſeldom uniform throughout. The 


jrregularities ſhew themſelves in the form of veins, 
which greatly diſturb the regular refraction. 

Lead is not much altered by expoſure to air or 
water ; though the brightneſs o of its ſurface, when cut 
or ſcraped, very ſoon goes off. It is probable that a 
thin ſtratum of calx is formed on the ſurſace, which 
defends the reſt of the metal from corroſion. 

Moſt of the acids attack lead. The vitriolic acid 
does not a&t upon it, unleſs it be concentrated and 
boiling, Vitriolic acid air eſcapes during its pro- 
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ceſs, and the acid is decompoſed. When the diſtil- EA. 
lation is carried on to dryneſs, a ſaline white maſs re- 

mains, a ſmall portion of which is ſoluble in water, and 

is the vitriol of lead: it affords cryſtals. The reſidue 

of the white maſs is a calx of lead. 

Nitrous acid acts ſtrongly on lead, and converts it combination - 
into a white calx if the acid be concentrated; but if 2d lead 
it be more diluted, the calx is diſſolved, and forms a 
nitre of lead which is cryſtallizable, and does not af- 
ford a precipitate by cooling. It detonates on ignited 
coals. -Lime and alkalis decompoſe the nitrous ſolu- 
tion of lead. The vitriolic acid added to this ſolution 
combines with the metallic calx, and falls down. 
The marine acid in the ſame manner carries down the Plumbum cer. 
lead, and forms a combination called plumbum cor- **® * 
neum, which is more ſoluble in water than the horn 
ſilver. | 

Marine acid acts directly on lead by heat, which marine acid1 
it calcines, and diſſolves part of its calx. The marine 
ſalt of lead is cryſtallizable. 

The acetous acid diſſolves lead and its calces; though —acetous acid. 
probably the acceſs of air may be neceſſary for the ſo- 
lution of the-metal itſelf in this acid. White lead, or white lead, or 
ceruſe, is made by rolling leaden plates ſpirally up, ſo © 
as to leave the ſpace of about an inch between each 
coil, and placing them vertically in earthen pots, at the 
bottom of which is ſome good vinegar, The pots are 
to be covered, and expoſed for a length of time to a 
gentle heat in a ſand bath, or by bedding them in 
dung. The vapour of the vinegar, aſliſted by the ten- 
dency of the lead to combine with the pure part of the 
zix which is preſent, corrodes the lead, and converts the 

T4 | external 


afs . | COMBINATIONS AND 


LEAD. external portion into a white calx, which comes off 
A in flakes when the lead is uncoiled. The plates 
are thus treated repeatedly until they are corroded 
through. Ceruſe is-the only white ſubſtance uſed 
in oil paintings. It may be diſſolved without dif- 
fieulty in the acetous acid, and affords a cryſtalliz- 
+ Sugar of lead. able ſalt, called ſugar of lead from its ſweet taſte. 
This, like all the preparations of lead, is a moſt deadly 
poiſon. 
Action of liver Liver of ſulphur precipitates lead from its ſolu- 
bade Phur on tions, the ſulphur falling down in combination with 
—of alkalis: the lead. Pure alkaline ſolutions diſſolve a- ſmall 
portion of lead, and corrode a conſiderable quan- 
tity : the ſolution 1s ſaid to give a black colour to the 
hair, (1: 
ils. Oils diſſolve the calces of lead, and become 
thick and conſiſtent; in which ſtate they are uſed 
as the baſis of plaſters, cements for water works, 
paint, &. - | e 
Habitudesin In the dry way, lead alone is calcined and vitreſied. 
23 When fuſed with fixed alkaline ſalts, it is converted 
into a dark-coloured ſcoria, partly ſoluble in water. 
The neutral ſalts in general are not acted upon by 


lead. Nitre cafcines this metal when heated with it, - 


though ſcarcely any commotion or apparent flame is 
produced by its action. Sulphur readily diſſolves it in 
4 the dry way, and produces a brittle compound, of a 
deep grey colour and brilliant appearance, which is 
much leſs fuſible than lead itſelf ; a property which is 
common to all the-combinations of ſulphur with the 
more fuſible metals. | 
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The-phoſphoric acid, expoſed to heat. together with 
charcoal and lead, becomes converted-into phoſphorus, 


LEAD, : 


Cn und 
Habitudes with 


which combines with the metal. This combination phoſphoric 


does not greatly differ from ordinary lead: it is ma 
leable, and eaſily cut with a knife; but it loſes its bril- 
liancy more ſpeedily than pure lead; and, when fuſed 
upon charcoal with the blow-pipe, the phoſphorus 
burns, and leaves the lead behind. 


Lead decompoſes ſal ammoniac by the aſſiſtance of Decompoſition 
of ſak ammo- 


I acid. 


heat: its calces unite with the marine acid of that ſalt niac: 


in the cold, and diſengage its volatile alkali When 
volatile alkali is obtained by diſtilling ſal ammoniac 
with the calces of lead, the reſidue conſiſts of plumbum 
corneum. 


Litharge fuſed with common ſalt decompoſes it; the nel common 


lead unites with marine acid, and forms a yellow com- 
pound, at preſent uſed in this country as a pigment, 
for which an excluſive privilege has been granted. The 
alkali either floats at top, or is volatilized by the heat 
if ſtrongly urged. The ſame decompoſition takes 
place in the humid way, if common ſalt be mace- 
rated with litharge; and the ſolution will contain 
cauſtic alkali. | 


Page 122. 


Lead unites with moſt of the metals. Gold and Combinations 
of lead with 


ſilver are diſſolved by it in a flight red heat. Both 
theſe metals are ſaid to be rendered brittle by a' ſmall 
admixture of lead, though lead itſelf is rendered more 
ductile by a ſmall quantity of them. Platina forms a 
brittle compound with lead; mercury amalgamates 
with it; but the lead is ſeparated from the mercury 
by agitation, in the form of an impalpable black 
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2 N 
— — 4 ping 4 


E . I l * 
2 | 1 = 
—s 
— — - 2 & 
—_ So — - 


"Bom 5 _ 
EI > = 


1 
1 
1 

| 
| 


. L 7 Een a. „. 


232 METALLIC COMBINATIONS. 


LEAD. powder, vital air being at the ſame time abſorbed, 
Ihe preſence of vital air is indiſpenſably neceſſary in 
this proceſs. Copper and lead do not unite but with 
a ſtrong heat. If lead be heated ſo as to boil and 
ſmoke, it ſoon diſſolves pieces of copper thrown into 
Combinations it; the mixture when cold is brittle. The union of 
—— theſe two metals is remarkably ſlight; for upon expo- 
lg ſing the maſs to a heat no greater than that in which 
Feat. lead melts, the lead almoſt entirely runs off by itfelf. 
This proceſs, which is peculiar to lead with copper, 
is called eliquation, The coarſer ſorts of lead, which 
owe their brittleneſs and granulated texture to an ad- 
mixture of copper, throw it up to the ſurface on being 
melted by a ſmall heat. Iron does not unite with lead, 
as long as both ſubſtances retain their metallic form. 
Tin unites very eaſily with this metal, and forms a 
compound which is much more fuſible than lead by 
itſelf, and is ſor that reaſon uſed as a ſolder for lead. 
Plumbers fol. Two parts of lead and one of tin form an alloy more 
ns fuſible than either metal alone: this is the ſolder of the 
plumbers. Biſmuth combines readily with lead, and 
affords a metal of a fine cloſe grain, but very brittle- 
Fafihle mix- A mixture of eight parts biſmuth, five lead, and three 
_— tin, will melt in a heat which is not ſufficient to cauſe 
water to boil. Regulus of antimony forms a brittle 
alloy with lead. Wolfram unites with it into a ſpongy 
ductile compound, which ſplits into leaves when ham- 
mered. Nickel, cobalt, manganeſe, and zinc, do not 

unite with lead by fuſion, | | 
Reyival of the All the calces of lead are very eaſily revived. Mis 
e nium, when expoſed to a ſtrong heat, gives out part 


of 
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of the vital air it abſorbed during its calcination; 

1 but, like the other calces of this metal, it requires the — 
b addition of ſome combuſtible ſubſtance for jts com- 

d plete revival. A familiar inſtance of this revival is 

0 ſeen by expoling the common wafers to the flame of 

f a candle. Theſe wafers are coloured with minium, 

B which js revived by the heat and inflammable ſub- 

h ſtance of the wafer, ſo that it falls down in metallic 

f. globules. 


Lead is found native, though ſeldom ; and alſo in Native lead 
the form of a calx, called natiye ceruſe, or lead ochre, 
or lead ſpar of various colqurs, red, brown, yellow, 
green, bluejſh, and black. Theſe ores, when freed as a of 
much as poſſible from earthy matter, may be diflolved 
in diluted nitrous acid, Calx of iron is uſually thrown 
down from the ſolution by boiling. If the lead be 
then precipitated by the mild mineral alkali, and 
weighed, 132 grains of the dry precipitate will cor- 
reſpond with 100 grains of lead in the metallic ſtate. 
If the precipitate be ſuſpected to contain copper, it 
may be ſeparated by digeſting in volatile alkali, If 
it be ſuppoſed to contain ſilver and copper, the preci- 
pitate may again be diſſolved in nitrous acid, and ſepa- 
rated by the addition of marine acid ; which com- 
bining with the metal, produces luna cornea, and 
plumbum corneum; the latter of which, being ſolu- 
ble in 30 times its weight of boiling water, may 
be waſhed off, while the ſilver remains undiſſolved; 
or the ſilver, if alone in the precipitate, may be 
taken up by volatile alkali, which will leave the 
cals of lead of the ſame value with regard to 

weight 
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LEAD. Weight as the foregoing. Lead is alſo found mine- 
1 ralized by the vitriolic and the phoſphoric acids: 
lead. this laſt is of a greeniſh colour, ariſing from a 

mixture of iron. The vitriol of lead is ſoluble in 
about 18 times its weight of water. One hundred 
and forty- three grains of the dried ſalt repreſent 100 
Humid analy6s grains of lead. The phoſphoric lead ore may be 
lead ore, diſſolved in nitrous acid by means of heat, except a 
few particles of iron, which remain at the bottom, 
By the addition of vitriolic acid the lead is thrown 
down in the form of white flakes of vitriol; which, 
when waſhed and dried, diſcover the quantity of lead 
they contain, by the fame allowance of 143 grains of 
the ſalt to 100 grains of metallic lead. The remaining 
ſolution, being evaporated to dryneſs, affords phoſphoric 


acid. 


Sulphureous Lead is abundantly found in combination with ſul- 


— n or phur, in the form of heavy, ſhining, black, or blueiſh 
lead-coloured cubical maſſes, whoſe corners are uſually 
truncated ; its texture is laminated, and its hardneſs 
variable, This is called galena, or potters lead ore. 
Moſt lead ores contain more or leſs of filver. When 
antimony enters into its compoſition, the texture is 
radiated or filamentous. There are alſo lead pyrites, 
which contain a conſiderable proportion of iron and 
ſulphur 3 and red lead ſpar, which conſiſts of lead 
mineralized by ſulphur and arſenic : this is very 
ſcarce. my © 

Analyſis of ful. Tf ſulphurated lead be boiled in nitrous or marine 

phurated lead. 
acid of a moderate ſtrength, the ſulphur may be 


obtained pure, and collected on a filter, When iron 
or 


4 
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or ſtony particles are contained among the undiſ- LEav. - 
ſolved part, the ſulphur may be ſeparated by digeſtion 
in a ſolution of cauſtic fixed alkali, which converts 


x it into liver of ſulphur, and leaves the other inſo- 
luble matters behind. If the firſt ſolution be made 
; with nitrous acid, it may contain filver and lead, 
1 which, after precipitation by mild mineral alkali, may 
N be ſeparated by the volatile alkali, as mentioned in 
1 the humid analyſis of the calciform ores : when the 
4 marine acid is uſed for the ſolution of the ore, a large 
: quantity of plumbum corneum ſeparates, for want of 
4 a ſufficient quantity of water to diſſolve it. This 
f requiſite quantity of water muſt be added to diſſolve 
| the ſalt before the precipitate is made by the fixed 
g : 

" alkali, 


All the ores of lead, except the phoſphoric, are re- Revival of lead 
ducible to the metallic ſtate by diſſipating their vola- —— * 
tile contents by the blow- pipe on a piece of charcoal. 

In the large way, they are revived by fuſion with 
charcoal. | 

The ores of this metal are abundantly found in the Uſes of lead, 
mine counties of England, and in various other parts 
of the globe. Its uſes are numerous, and ſcarcely 
need be mentioned. Its calces have been already 
mentioned as of great uſe as a pigment, and in the 
manufacture of glaſs. Lead is caſt into thin ſheets 
for covering buildings, making water-pipes, and vari- 
ous other uſes z and this is rolled between two cylin- 
ders of iron, to give it the requiſite uniformity and 
thinneſs. Lead is thought, and with ſome reaſon, to 
be not perfectly innocent even for water-pipes, and 
much leſs ſo for any other kind of veſſels. The work- 


men 
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kA. men in any of the preparations of lead are genctally 

S——— ſubje& to a peculiar colic, and paralytic diſorders ; 
which moſt probably ariſe from the infernal uſe of the 
metal: for it is a fact that theſe workmen are not ſuf- 
ficiently cautious in waſhing their hands, or removing 
fuch particles of lead, or its preparations, as may 
ezſually intermix with their food. 
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COPPER, 


CHAP. VI. 


CONCERNING COPPER. 


OPPER is a metal of a peculiar reddiſh brown cor. 

colour; hard, ſonorous, very malleable, and * 
ductile; of conſiderable tenacity, and of a moderate copper. 
ſpecific gravity. At a degree of heat far below ignition 

the ſurface of a piece of poliſhed copper becomes co- 

vered with various ranges of priſmatic colours, the red 
of each order being neareſt the end which has been See Newton's 
molt heated; an effect which muſt doubtleſs be attri- 2 
buted to calcination, the ſtratum of calx being thickeſt 
where the heat is greateſt, and growing gradually thin- 
ner and thinner towards the colder part. A greater 
degree of heat calcines it more rapidly, ſo that it con- 
tracts thin powdery ſcales on its ſurface, which may 
be eaſily rubbed off; the flame of the fuel becoming 
at the ſame time of a beautiful blueiſh green colour. 
In a ſtrong white heat, nearly the ſame as is neceſſary to 
melt gold or filver, it melts, and exhibits a blueiſh green 
flame; by a violent heat it boils, and is volatilized 
partly in the metallic ſtate. 

Copper ruſts in the air; but the corroded part is Corroſion of 
very thin, and preſerves the metal beneath from fur- Per: 
ther corroſion. | 
The vitriolic acid, when concentrated and boiling, —and ſolution 

difſolves copper. A brown thick fluid, containing elle acid, 
calx of copper, and a portion of the calx combined 
5 with 
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coPPER. with vitriolic acid, is found at the bottom of the 
ſolvent. If water be added to this, it forms a blue 
ſolution of copper, which by evaporation affords blue 
cryſtals, that require about four times their weight 
of water to diſſolve them. This ſolution lets fall a 
calx of copper of a green colour by long expoſure to 
the air. 

Vitrielic am- The ſolutions of copper in vitriolic acid are ſlightly 
precipitates, Cauſtic. Magneſia, lime, and the fixed alkalis, precipi- 
tate the metal from them in the form of calx. Volatile 
alkali precipitates all the ſolutions of copper; but re- 
diſſolves the calx, and produces a deep blue colour. 
Copper is precipitable from moſt of its ſolutions in the 
metallic ſtate by the addition of iron: a clean plate of 
iron ſoon becomes covered with a coating of copper 
when immerſed in the ſolution : hence the volatile al- 
kali, and the application of iron, are conſidered as the 
teſts of the preſence of copper. There are certain 
mineral waters in Hungary, Sweden, Ireland, and in 
various parts of England, which contain vitriol of cop- 
per, and from which it is precipitated by the addition 

of pieces of old iron. | 
Nitrous comb'> Nitrous acid diſſolves copper with great rapidity, and 
—_— ot P- diſengages a large quantity of nitrous gas. Part of the 
metal falls down in the form of a calx; and the fil- 
trated or decanted ſolution, which is of a much deeper 
blue colour than the vitriolic ſolution, affords cryſtals 
by flow evaporation. This ſalt is deliqueſcent, very 
ſoluble in water, but moſt plentifully when the fluid is 
heated. Its ſolution, expoſed to the air in ſhallow 
veſſels, depoſits a calx of a green colour. Lime preci- 


pitates the metal of a pale blue; fixed alkalis, of a blue- 
| iſh 
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iſh white. Volatile alkali throws down blueiſhr flocks, corrEx. 
: which are quickly rediſſolved, and produce a lively 
> blue colour in the fluid. 

t Marine acid does not readily diſſolve copper, unleſs solution of 

2 it be concentrated and boiling. The ſolution is of a fidd acidõk 
0 deep brown colour; but, on ſtanding for ſorne time, 


it depoſits a ſediment, and becomes green. By care- 


ly ful evaporation it yields cryſtals ; or, when inſpiſſated, 
i- it affords a greeniſh maſs, which deliqueſces in the air, 
le is readily diſſolved in water, gives a green tincture to 
e- ardent ſpirit, melts in a gentle heat, takes fire from 


a candle, and burns with a blue flame. The marine 
acid diflolves the calces of copper more readily than 
the metal itſelf; but the ſolution does not differ from 
the foregoing. | 
Vegetable acids diſſolve copper ilowly ; but in con- —in vegetable 
ſiderable quantity, if reſpirable air be preſent. In this, _— 
as in a number of other metallic ſolutions, it appears 
that the diſpoſition of the air to calcine the metal is 
greatly aſſiſted by the eleCtive attraCtion of the acid for 
the metallic calx. Vinegar does not diſſolve copper Effect of the 
when boiling, becauſe the ſteam prevents the acceſs of OED 
the air; but the ſame acid ſtanding for a day in a cop- 
per veſſel, will contract a dangerous metallic impreg- 
nation. This circumſtance accounts for the unhappy 
eper conſequences in ſome inſtances attending the uſe of 
ſtals copper veſſels, which in other caſes have produced no 
very noxious effects. ConfeCtioners boil pickles, and even 


1d is lemon juice, in clean copper veſſels, without obſerving 
allow any bad taſte or noxious conſequence to follow. We 
reci· ¶ cannot however avoid heartily concurring in the gene- 
blue- | U ral 
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corPER, ral opiaion which now prevails, in the rejection of 
copper veſſels for culinary purpoſes. 
Fabrication of Verdigris is a calx of copper prepared in large quan- 
TEES 88 1 
tities ncar Montpellier in France, by ſtratifying copper 
plates with the huſks of grapes which remain after the 
juice has been preſſed out. Theſe ſoon become acid, 
and corrode the copper. A ſolution of this calx in 
diſtilled vinegar affords permanent cryſtals, improperly 
called diſtilled verdigris. q 
Solution of cop- Fixed alkalis have ſome action on copper, with 
8 axec al. which they form a light blue ſolution. This, as well 
as the volatile alkaline ſolution, appears to ſucceed 
better in the cold than by the aſſiſtance of heat, for the 
ſame reaſon as the cold acetous acid acts upon copper; 
namely, tlie facility with which the metal is calcined 
by the acceſs of air. 
—in volatile Volatile Alkali diſſolves copper with much greater 
_ rapidity than fixed alkalis, whether it be in the metal- 
lic or calciform ſtate z and forms a beautiful blue ſolu- 
tion. This fluid has long attracted the notice of che- 
miſts, on account of its becoming colourleſs in cloſed 
veſſels; and recovering its colour, which gradually ex- 
tends from the ſurface downwards, when the veſſel is 
opened. This effect is explained by the ſuppoſition, 
that the perfect ſolution of calx of copper in volatile 
alkali is colourleſs when the alkali is in excefs ; but 
that it is blue when it abounds with calx of copper: 
and accordingly it is found that the loſs of colour on 
keeping the veſſel cloſed for ſome time, and its re- 
appearance on opening the veſſel, does not ſucceed 


with old ſolutions, which are permanently blue. The 
air 


"A... EE. 
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air calcines more perfectly a portion of the ſuſpended 
copper, which gives a blue colour to the fluid until 


291 
COPPER. 


Habitudes of 


it has more intimately combined with the alkali. If copper with 


volatile alkali ; 


this combination be made in the cloſed veſſel, the 


colour diſappears; if it be made in the open veſſel, 
the calcination of another portion goes on, and con- 
tinues until the alkali is ſaturated, and can combine 
with no more: ſo that the laſt portion of perfect 
calx, which cauſes the blue colour, does not ſeem 
to have entered into ſo intimate a combination, for 
want of an exceſs of alkali. The alkali does not 
take up any conſiderable quantity when applied to 
copper filings ; but it diſſolves much more of the 
calces of copper. The folution does not very readily 
afford cryſtals. 


Oils do not ſeem to act upon copper until they —with oils, 


become rancid ; in which caſe their diſengaged acid 


earths, alkalis, 
and neutral 


corrodes the copper, and the oil aſſumes a blueiſh 5 * 


green colour. Verdigris is ſoluble in ardent ſpirit. 
Copper in the metallic ſtate does not unite with 
earths or alkalis in the dry way: its calces enter 
into the compoſition of glaſs. In general, it does 
not act on the neutral ſalts by fuſion. Nitre de- 
tonates with it but difficultly. Filings of copper are 
thrown upon red-hot nitre; and the reſidue is a 
browniſh grey calx, mixed, and partly combined, 
with vegetable alkali. If this be waſhed with wa- 
ter, the remaining calx may be fuſed, without other 
addition, into a deep opake brown glaſs, uſed by 


enamellers. 


Sal ammoniac is decompoſed by copper filings, — fal ammo- 


The produce which comes over conſiſts of cauſtic 


7 U 2 volatile 
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Habitudes of 
copper with 
ſal ammoniac : 


—Wwith alum : 


— with ſul- 
phur. 


VARIOUS COMBINATIONS 


volatile alkali, rendered blue by a ſmall portion of 
copper, together with alkaline air, inflammable air, 
and phlogiſticated air: the reſidue conſiſts partly of 
marine falt of copper and calx. In this experiment 
we find that the copper detains the acid; while 
the volatile alkali, being ſet at liberty, comes over 
into the receiver. The inflammable and phlogiſti- 
cated air cannot ſo clearly be accounted for, as they 
may ariſe- either from part of the alkali being de- 
compoſed into its firſt principles; or the inflamma- 
ble air may be ſupplied during the ſolution of the 
copper; in which caſe it will proceed from the phlo- 
giſton of that metal, according to the hypotheſis of 
Stahl ; or from a decompoſition of part of the water 
of cryſtallization of the ſal] ammoniac ; the pure air 


of which will be communicated to the copper, in or- 


der to calcine and render it ſoluble in the marine 
acid, while its inſlammable air comes over in the 
elaſtic ſtate. 

A ſolution of alum boiled in a copper veſſel de- 
poſits ſome earth; and the fluid exhibits ſigns of the 
preſence of copper by the teſt of volatile alkali. This 
does not ſeem to be a perfect decompoſition of the 
alum; but appears to be effected by virtue of the 
acid, which that ſalt contains in exceſs. The neutral 
falt or alum, ſaturated with its own baſis, falls down, 
becauſe leſs ſoluble ; while the exceſs of acid, forming 
vitriol of copper, exhibits the blue tinge when volatile 
alkali is added. 

Copper unites very readily with ſulphur. If copper 
filings be mixed with flowers of ſulphur and a little 


water, the combination takes place; but it is much 
more 
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more readily effected in the dry way. This cannot be coreEs. 
done by direct fuſion, becauſe the ſulphur is burned at SES 
a much leſs heat than is required to fuſe the copper. 

It may be prepared by mixing equal parts of ſulphur Combination 
and copper filings together, and expoſing them to bs EG 
heat, gradually raiſed to ignition : or plates of copper 

may be ſtratified in a crucible with ſulphur, and gra- 

dually heated as before. This compound is a blackiſh 

grey maſs; and is uſed by dyers and callico-printers : 

it is diſtinguiſhed by the name of æs veneris. Liver 

of ſulphur diſſolves copper both in the humid and 

dry way. 

Phoſphorus unites with the calx of copper: or if —with phoſ- 
the phoſphoric glaſs be expoſed to heat in a crucible, 8 
together with its weight of copper filings, and about 
1 of its weight of charcoal, the phoſphorus which 
is formed combines with the copper into a kind of 
pyrites, which changes by expoſure to air. It loſes 
its metallic ſtate, and aſſumes a black colour. | : 

The combinations of copper with the metals before —with metal- 
treated of have been already mentioned. It unites ** Hance: 
imperfectly with iron in the way of fuſion. Tin very 
readily combines with copper at a temperature much 
lower than is neceſſary to fuſe copper alone On 
this is grounded the method of tinning copper veſſels. 

For this purpoſe, they are firſt ſcraped, or ſcoured; 
after which they are rubbed with ſal ammoniac. 
They are then heated, and beſprinkled with pow- 
dered reſin, which defends the clean ſurface of the 
copper from acquiring the flight film of calx, which 
would prevent the adheſion of the tin to its ſurface, 
The melted tin is then poured in, and ſpread about, 

U 3 N An 
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SPECULUMS FOR TELESCOPES. 


An extremely ſmall quantity adheres to the copper 


—— which may with great juſtice be ſuppoſed inſufficient 


Bronzes and 
bell-metal. 


Metal for ſpe- 


culums. 


to prevent the noxious effects of the copper as per- 
fectly as might be wiſhed. 

When tin is melted with copper, it compoſes the 
compound called bronze. In this metal the ſpecific 
gravity is always greater than would be deduced by 
computation ſrom the quantities and ſpecific gravi- 
ties of its component parts. The uſes of this hard, 
ſonorous, and durable compoſition, in the fabrica- 
tion of cannon, bells, ſtatues, and other articles, 
are well known. Bronzes and bell-metals are not 
uſually made of copper and tin only, but have other 
admixtures, conſiſting of lead, zinc, or arſenic, ac- 
cording to the motives of profit, or other induce- 
ments of the artiſt. But the attention of the phi- 
loſopher is more particularly directed to the mixture 
of copper and tin, on account of its being the ſub- 
ſtance of which the ſpeculums of refleCting teleſcopes 
are made, The metal required for this purpoſe 
ought to be capable of an exquiſite - poliſh, hard 
enough to receive and retain a figure accurately 
ſuited to the regular reflection of light, and not 
ſubje to become tarniſhed by the action of the at- 
moſphere. Many excellent teleſcopes have been made 
with compoſitions of pure copper, alloyed with ſome- 
what leſs than half its weight of tin. But it appears 
to be very well aſcertained, from the obſervations 
of the Aſtronomer Royal, that the ſpeculums of Mr. 
Edwards, whoſe compoſition was the reſult of nu- 
merous trials, are much ſuperior to any which have 


yet been made; and are even equal in light to achro- 
; matic 
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matic teleſcopes of the ſame aperture, without al:er- 


ing the colours of objects. He firſt melts 32 purts R IT 
— of — 


of copper as fluid as poſſible, with one part of br aſs 
and one of ſilver, together with the black flux; 4 
the ſame time that fifteen parts of tin are melted 
in a ſeparate crucible by itſelf. Theſe being taken 
from the fire, he pours the tin to the copper; im- 
mediately ſlirs the, whole together with a woodes 
ſpatula, and pours it out haſtily into a_ large quan- 
tity of cold water, which cools and granulates the 
compoſition. If the tin were fuſed together with 
the copper, or if they were to remain for any length 
of time in the extreme heat which is neceſſary to 
fuſe this laſt metal, a part of the tin would be cal- 
cined, and the metal would abound more or lefs 
with ſmall microſcopic pores. If one of the pieces 
of the cold metal be broken, it will appcar of a 
moſt beautiful bright colour, reſembling quickfilver. 
Mr. Edwards affirms, that different kinds of copper 
require different doſes of tin to produce the moſt 
perfet whiteneſs. If the doſe of tin be too ſmall, 
which is the fault moſt eaſily remedied, the com- 
polition will be yellowiſh; if it be too great, the 
compoſition will be of a grey blue colour, and dull 
appearance. He therefore finds by trial the quantity 
of tin neceTary to be added in the ſecond fuſion to 
render the metal the moſt perfect. A much leſs 
degree of hcat is then required to melt the com- 
pound. In the ſecond melting he adds one part of 
arſenic, and immediately ſtirs the mixture; which 
he pours into the mould as ſoon as the fumes of 


the arſenic have ceaſed to riſe. He caſts the ſpe- 
1” # 2 culum 
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copPER. culum in ſand, with the face downwards; takes it 
out while red-hot, and places it in hot wood-aſhes 
to cool; without which precaution it would break in 
cooling *. | 

Copper unites with biſmuth, and forms a reddiſh 
white alloy. With arſenic it forms a white brittle 
compound, called tombac. With zinc it forms the 
compound called braſs, and diſtinguiſhed by various 
other names, according to the proportions of the 
two ingredients. It is not eaſy to unite theſe two 
metals in conſiderable proportions by fuſion, becauſe 
the zinc is burned or volatilized at a heat inferior to 
that which is required to melt copper ; but they unite 
very well in the way of cementation. In the braſs 
works, copper 1s granulated by pouring it through a 
plate of iron, perforated with ſmall holes and luted 
with clay, into a quantity of water about four feet 
deep, and continually renewed. To prevent the dan- 
gerous exploſions of this metal, it is neceſſary to pour 
but a ſmall quantity at a time. There are various 
methods of combining this granulated copper, or other 
ſmall pieces of copper, with the vapour of zinc. 
Calamine, which is an ore of zinc, is pounded, and 


r —— 
Metallic mix- 
tures. 


* As the conſtruction of teleſcopes is foreign to the immediate 
purpoſe of this work, it has not been thought neceſſary to mention 
the ſeveral precautions of Mr, Edwards in this buſineſs : but the 
curious operator, who may wiſh to undertake the conſtruction of 
a reflecting teleſcope (the better kinds of which are not only 
difficult to be procured, but of conſiderable price), may have 
recourſe to Edwards's Treatiſe, annexed to the Nautical Al- 
manack for 1787; where he will find ample inſtructions for that 
purpole, 


mixed 
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mixed with the divided copper, together with a COPPER. 
portion of charcoal. Theſe being expoſed to the — 
heat of a wind furnace, the zinc becomes revived, & braſs. 
riſes in vapour, and combines with the copper, 

which it converts into braſs. The heat muſt be 
continued for a greater or leſs number of hgurs, 
according to the thickneſs of the pieces of copper, 

and other circumſtances ; and at the end of the pro- 

ceſs the heat, being ſuddenly raiſed, cauſes the braſs 

to melt, and occupy the lower part of the crucible. 

The moſt ſcientinc method of making braſs ſeems 

to be that mentioned by Cramer. The powdered 

calamine, being mixed with an equal quantity of 

charcoal, and a portion of clay, is to be rammed 

into a melting veſſel; and a quantity of copper, 
amounting to two thirds of the weight of the cala- 

mine, muſt be placed on the top, and covered with 

charcoal. By this management the volatile zinc 

aſcends, and converts the copper into braſs, which 

flows upon the rammed clay: conſequently, if the 


| 

| 

4 

: 

. 

1 
| 
) 

1 
I 


4 calamine contain lead, or any other metal, it will not 
. enter into the braſs, the zinc alone being raiſed by the 
* heat. 


A fine kind of braſs, which is ſuppoſed to be made Leaf braſs, or 
. . 4 Dutch gold. 
by cementation of copper plates with calamine, 1s 


* hammered out into leaves in Germany; and is ſold 

the very cheap in this country under the name of Dutch 
of gold. It is, as I find, about five times as thick as gold 

wy leaf; that is to fay, it is about one ſixty-thouſandth of 

Al. an inch thick. 

that 


Art of Aſſay ing Metals. London, 1764. Page 377. 
red If 
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COPPER, If braſs be kept in a ſtate of ignition, with contact 
torn of air, the zinc burns, and the copper remains, 
PR mix- Whether the zinc would quit the braſs without com- 

buſtion, is not known; though there is little doubt 

but it might be driven off in cloſe veſſels. 

The quantity of zinc in good braſs. is about one 
third of its weight. ' 

Copper unites readily with regulus of antimony ; 
and aftords a compound of a beautiful violet colour, 
It does not readily unite with manganeſe. With 
wolfram it forms a dark brown ſpongy alloy, which 

is ſomewhat ductile. 

OO — Coppcr is either found native, moſtly in an im- 

pure ſtate; or in the form of a calx, of a red, green, 

or blue colour. The native ſolutions of copper 

frequently impregnate calcareous earths, in which 

they depoſit the metal. The turquoiſe ſtone is the 

tooth of an animal penetrated with the blue calx of 

copper. Many ores of copper contain ſulphur, 

Among theſe, the vitreous copper ore is of a red, 

brown, blue, or violet colour; ſometimes cryſtallized, 

but uſually ſoft enough to be cut with a knife. Some 

of the pyrites contain a conſiderable proportion of 

copper, together with iron, ſulphur, and clay. The 

grey copper ore is a ſulphurcous combination, con- 

taining arſenic: it is of a white, grey, or brown 

colour, heavy, and difficult of fuſion. Blendoſe 

copper ore, is of a brown colour, hard, ſolid, com-. 

pact, and pranulated ; it contains the metal, with 
1 ſulphur, arſenic, zinc, and iron. Some ſlates, and 
3 kt one ſnocies of coal, afford copper; and ſeveral waters 
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N contain this metal, diſſolved in vitriolic or marine cores. 

s. acid. 2 

1 Native copper may be aſſayed in the humid way Afſay of native g 

t by ſolution in nitrous acid. If it contain gold, this Per! | 
metal falls untouched to the bottom, in the form of 

de a black powder; if filver, it is ſoon precipitated | 

0 by more copper; if iron, by boiling the ſolution ſor | 

5 ſome time, it is gradually calcined, and falls to the | 

T, bottom. |; 

th The calciform copper ores are ſoluble in acids, and of calciform 

ch may be precipitated either by iron, which affords the 
copper in the metallic ſtate z or by mild alkali, which 

n- throws down 194 grains of precipitate for every 100 

n, grains of copper. : ; 

er Sulpliureous copper ores may be powdered, and —of lulphure- 

ch gently boiled to dryneſs in five times their weight“ “es! 

he of concentrated vitriohc acid. The whole, or moſt 

of part, of the ſulphur flies off by this heat. The 

Ir, vitriolic ſalt of copper requires at leaſt four times 

d, its weight of water to diſſolve it. A ſufficient quan- 

d, tity being therefore added, and a poliſhed iron plate 

ne boiled in the ſolution, the copper will be precipi- 

of tated. If iron be found to be mixed with the pre- a 

he cipitate, it muſt be again diſſolved, to obtain a richer 

n- ſolution. This will depoſit pure copper, it the ope- 

WI ration be conducted as before. If it contain other 

ole metals, they may be eaſily ſeparated by ſolution in 

m- nitrous acid. | 

ith In the dry way, the ſulphureous ores of copper in the dry 

nd "MW muſt be firlt pulrerized, and ſeparated as much as 

ers poſſible from the earthy and ſtony particles; then 


ain roaſted, 
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COPPER, Toaſted, to ſeparate the ſulphur and arſenic ; and, 
boon ame laſtly, melted with an equal weight of M. Tillet's 
flux, which conſiſts of two parts of pounded glaſs, 
one of calcined borax, and ; of charcoal. More borax 
may be added if the ore be poor. Alkaline fluxes are 
hurtful in the fuſion of copper ores, becauſe the alt 
combines with the ſulphur, and forms hepar, which 
diſſolves part of the copper. 
Treatment of In the large way, copper is roaſted in a cloſe fur- 
copper ores in . , , 
the large way. nace, by a flow fire, to ſcorify the mixtures of iron, 
and other ſubſtances. By repeated fuſions with ſul- 
phur and charcoal, the ſcorified metal riſes to the top, 
1 and is ſcummed off. The copper in the great Hun- 
| garian mines is ſaid to undergo fuſion fourteen times 
before it is fit for ſale. The roaſted ore in the iſle 
of Angleſey is deprived of its vitriolic ſalt by waſh- 
| ing; and the copper is precipitated by means of old 
2 iron immerſed in the water. This precipitated cop- 
4 | per is, however, but a ſmall proportion of the whole 


4 
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BJ produce. 

1 Countries Copper is found in various parts of the world ; in 
4 where copper 5 | 

+ is found. 5 Spain, France, England, Norway, Hungary, Sweden, 


#2 and elſewhere. The Japan copper is ſaid to be purer, 
4 and has a greater ſpecific gravity, than any other 
| copper. 'The wire-drawers, who require copper of 
i extraordinary ductility, uſe the Swediſh copper. The 
#4 copper mines in England are exceedingly numerous 
1 and productive. Paris mountain, on the iſle of An- 
gleſey, contains a bed of ore forty feet in thickneſs; 
and is ſaid to produce upwards of four thouſand rons 
of copper annually, | 
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The uſes of this metal are too numerous to be coyexs. 
diſtinctly ſpecified, It has for ſome years paſt been 88 
applied with great ſucceſs and advantage for ſhearh= to various uſes. 
ing the bottoms of ſhips; and ſeveral builders have 
lately endeavoured to introduce it as a covering for 
houſes. It is the lighteſt of all coverings; but whe- 
ther it be more durable than ſlate, which is nearly as 
light, has not yet been aſcertained by experience. 


CHAP. 


e 


— — — — — — — — —— 
* . "FEST, 


* A — 
„ re > - 
. 


— —— — © oa _ — —äů — - — 
8 NN A N L ” _— 
: «5 % 


Be 


IRON. 


Characters of 
iron. 


CHAP, VII. 


CONCERNING IRON, 


RON is a metal of a blueiſh white colour, of con- 
ſiderable hardneſs and elaſticity; very malleable, 
exccedingly tenacious and ductile, and of a moderate 
ſpecific gravity among metallic ſubſtances. It is much 
diſpoſed to ruſt by the acceſs of air, or the action of 
water, in the common temperature of the atmoſphere. 
The appearance of priſmatic colours on its poliſhed 
ſurface takes place long before ignition; and at ſo 
low a tempcrature, that the ſlighteſt coating of greaſe 
is ſuſſicient to prevent their appearance, by defending 
it from the contact of air. It may be ignited, or 
at leaſt rendered ſufficiently hot to ſet fire to brim- 
{tone, by a quick ſucceſſion of blows with a hammer. 
When ſtruck with a flint, or other hard ſtone, it emits 
decrepitating ignited particles, ſuch as can be obtained 
from no other metal by the ſame means. "Theſe par- 
ticles are ſeldom larger than the two hundredth part 
of an inch in diameter; and, when examined by a mag- 
nifier, are found to be hollow, brittle, and of a greyiſh 
colour, reſembling the ſcales of burned iron. This 
ietal is eaſily calcined by fire. A piece of iron wire, 
immerſed in a jar of vital air, being ignited at one end, 
will be entirely conſumed by the ſucceſſive combuſtion 
of its parts. It requires a moſt intenſe heat to fuſe it; 


on which account it can only be brought into the ſhape 
of 
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of tools and utenſils by hammering. This high de- 


gree of infuſibility would deprive. it of the moſt valu- ren 
able property of metals, namely, the uniting of ſmaller iron. 


maſſes into one, if it did not poſſeſs another ſingular 
and advantageous property, which is found in no other 
metal except platina; namely, that of welding. In a 
white heat iron appears as if covered with a kind of 
varniſh ; and in this ſtate, if two pieces be applied to- 
gether, they will adhere, and may be perfectly united 
by forging. Iron is thought to be the only ſubſtance 
in nature which has the property of becoming mag- 
netical. It is highly probable, from the great abun- 
dance of this metal, that all ſubſtances which exhibit 
magnetiſm do contain iron; but it muſt be confeſſed 
that there remain many experiments to be made among 
the earths and powders which exhibit magnetical pro- 
perties, before this negative propoſition, which con- 
tines magnetiſm to iron, can be admitted as proved. 


When iron is expoſed to the action of pure water, Calcination of 
iron by water, 


it acquires weight by gradual calcination, and inflam- 
mable air eſcapes : this is a very flow operation. But 
if the ſtcam of water be made to paſs through a red- 
hot gun-barrel, or through an ignited copper or glaſs 
tube containing iron wire, the iron becomes converted 
into a calx ; while inflammable air paſſes out at the 
other end of the barrel. This capital experiment * 
may be accounted for according to the ancient and 


modern theories. In the ancient theory, it is ſuppoſed Ancient the. 


that the water has combined with the iron, and diſen- 
gaged its phlogiſton in the form of inflammable air. 


* Of M. Lavoiſier. 
"Toh and 
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08> and conſequently that, when this calx is again revived 
88 by heating a portion of it in inflammable air with a 
iron by water. burning glaſs, and water appears, at the ſame time 
that part of the inflammable air is abſorbed, the iron has 

imbibed phlogiſton, and given out its water. Clear as 

this explanation appears to be, the ſolution afforded by 

Moderntheory the modern theory is not leſs perſpicuous. The 
maintainers of this theory reaſon as follows : Iron has 

not been ſhewn to be a compound ſubſtance ; let us 

therefore conſider it as a ſimple ſubſtance, until we 

poſſeſs experiments which ſhew the contrary. Water 

has been ſhewn to be a compound ſubſtance, by the 

Hy experiment of its production, by burning dephlogiſti- 
cated and inflammable air together. We may fairly 
A therefore aſſirm, that the inflammable air came from 
the water, in which we know it to exift ; and that the 
vital air of the water, the peculiar inſtrument of calci- 
nation, has combined with the iron. On the other 
br | hand, when the iron is revived in inflammable air, the 

| 


water which appears is the very product of ccmbina- 
tion which was decompoſed in the former inſtance. 
For the vital air quits the iron to unite in the fluid ſtate 
4 | with the inflammable air; and the iron, being ſet at 
liberty, recovers its original ſtate ; that is to fay, it is 
| revived. 
. Difficulty. That the iron, in the one inſtance, attracts vital air 
| from the water, and diſengages inflammable air; and, 
in the other inſtance, exhibits a leſs affinity with that 
ſubſtance, ſo as to reſtore it to its former combination; 
is a difficulty which, in the prefent ſtate of our infor- 
mation, can only be accounted for by ſuppoſing, that 
the temperature in the furnace differs ſrom that pro- 
duced 
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duced by the burning glaſs; and that theſe affinities, 1R0N. 


like moſt others in chemiſtry, are not the ſame at all — 
temperatures. This difficulty affects both theories iron by water. 


alike ; for it is not eaſier to account for the contrary 
tranſitions of water and .phlogiſton, which mutually 


expel each other in the old theory, than for the tranſi⸗ 


tions of dephlogiſticated and infammable air in the 
new theory. 


The philoſophers who reject phlogiſton inſiſt; more- 


over, that the weight of the inflammable air pro- 
duced, being deducted from the weight of the water 
made uſe of, leaves a quantity equal to the increaſe 
the iron gains by calcination 3 and that by burning 
the whole inflammable air produced, with a quantity 
of vital air equal in weight' to the gain of the iron, a 
new quantity of water is recompoſed, which is equal 
likewiſe to that made ufe of. Hence they urge, that 
it is infinitely more probable that the inflammable 
air came from the water than from the iron. 'The 
latter fact, of the recompoſition, is in their favour ; 
but the former is not. For whatever the inflamma- 
ble air comes from, the firſt equation will be true; 
that is to ſay, if the iron give out phlogiſton, and 
receive water, its acceſhon of weight will be equal 
to the difference between the water it has received, 
and the phlogiſton it has loſt ; but the reproduction 
of the water loſt will ſhew that the inflammable air 
really correſponds with the quantity required to form* 

ſo 


| 
It may be urged that the two airs contain much water 


and for that, as well as cther reaſons, their abſolute quantities 


X cannot 
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IRON» ſo much water, if we admit the © ICCUTACY of the ex- 

t—— periments. 

regs 2 The concentrated vitriolic acid ſcarcely acts on iron, 

acid. unleſs it be boiling. When the acid is diſtilled to dry- 
neſs from this metal, the retort is found to contain 
ſublimed flowers of ſulphur,” and a white vitriolic 
maſs, partly ſoluble in water: the product which 
comes over is volatile vitriolic acid, and vitriolic acid 
air. If the vitriolic acid be diluted with two or three 
parts of water, it diſſolves iron readily, without the 
aſſiſtance of any other heat than is produced by the act 

of combination. During this ſolution, inflammable air 
eſcapes in large quantities. If heat be applied, the 
acid proceeds to diſſolve more iron, and depoſits a 
white ſaline maſs, or pale vitriol of iron. 

Martial vitriol, The combination of vitriolic acid and iron, called 
martial vitriol, is much more foluble in hot than cold 
water; and therefore cryltallizes by cooling, as well 
as by evaporation, The cryſtals are effloreſcent, and 
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cannot be aſcertained. But it is not required to aſcertain their 
abſolute quantities: for it is enough if the two airs in this 
recompoſition be exactly in the ſame ſtate as in the original 
experiment, by which the component parts of water were deter- 
mined. If à certain portion of water be neceſſary to inflamma- 
ble air in the elaſtic ſtate, it muſt of courſe take it from the ſteam 
in the gun- barrel at the inſtant of its extrication, and not after- 
wards from the water of the receivers: this requires to be con- 
firmed by an experiment over mercury. How far Dr, Prieftley's 
experiments (Phil. Tranſ. Ixxviii. and Ixxix.) may effect the 
poſition, that water is a Compound ſubſtance, cannot be clearly 
aſcertained until it is ſhewa that the acid produced in burning 
the two airs does not ariſe from impurity in one or both of them. 
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fall into a white powder by expoſure to a dry air, the 
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iron becoming more calcined than before. A ſolution re ded, 


of martial vitriol, expoſed' to the air, imbibes its vital 
part; and a portion of the iron, becoming too much 
' calcined to adhere to the acid, falls to the bottom in 
the form of ochre. 'The ſolution, as well as the cryſtals 
it affords by evaporation, are thus rendered * than 


before. 


Martial vitriol is not made in the direct way, becauſe 
it can be obtained at leſs charge from the decompoſi- 


tion of martial pyrites. 


The different appearances which accompany the Theory ef the 


ſolutions of iron in the vitriolic acid, may be account- 


effects of vitri- 
olic acid upon 


ed for according to the principles either of the an- won; accord- 


ing to the doce 


cient or modern theories. In the ancient theory, iron trins of phlo« 


being ſuppoſed to contain phlogiſton, or the principle ** 
of inflammability, is calcined in both caſes; that is 
to ſay, it gives out phlogiſton . With the concen- 


trated acid the ſolution does not take place; becauſe 


the capacity of the mixture for heat, and conſequently 
its abſolute quantity of heat, is too ſmall to ſupply what 


the increaſed. capacity of the vitriolic acid air would 


require, and conſequently. the iron is not decompoſed. 
But when heat is applied, the phlogifton of the iron, 


_ uniting with the baſis of part of the acid, forms ſul- 


phur; which, together with another portion of the 
acid, riſes in the form of vitriolic acid air; at the 
ſame time that the vital air of the decompoſed acid 
unites with the calx of 'iron, which becomes foluble 


* Kirwan, in Philoſ. TranſaR. vol. Ixxii; and Eſſay armee 
London, 1789, page 62, or page 28 of the old edition. 
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on. in the acid that remains: but when much water is 
preſent, as in the diluted acid, the heat is ſupplied 
from the great capacity of the water; the phlogiſton 
of the iron aſſumes the claſtic form; and inflamma- 
ble air flies off, while the acid unites with the calx 
of iron, and forms vitriol. The decompoſition of the 
acid in the former, and not in the latter caſe, is ac- 
counted for from its ſtrong attraction to the water. 
A conſiderable heat, applied with the diluted acid, 
calcines the iron more perfectly; which then either 
enters into the compoſition of pale vitriol, containing 
a larger proportion of acid, or falls down in the form 
of cal. The acceſs of air does the ſame thing more 
gradually. | 
according to In the antiphlogiſtic theory, iron is aſſumed to be a 
— 1 — ſimple ſubſtance vitriolic acid is ſaid to be compoſed 
of vital air and ſulphur z and water is admitted to be 
decompoſable. When iron therefore is applied to 
concentrated vitriolic acid, the principles retain their 
order of combination at a common temperature ; but 
as ſoon as the temperature is raiſed, the iron becomes 
calcined, by attracting vital air from part of the acid, 
whoſe ſulphur is therefore ſet at liberty, and flies off 
with another portion of the acid, in the form of vitri- 
olic air; while the remaining acid combines with 
part of the calx. But when the acid is more diluted, 
the water itſelf is decompoſed; its inflammable air 1s 
diſengaged ; its vital air unites with and calcines the 
iron; and the vitriolic acid diflolves the calx. 
Ihe neceſhty of heat being applied to the concen- 
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Wy trated ſolution in the one caſe rather than the other, 
may be referred to the capacities of the bodies, before 
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and after the change, in either theory. But it muſt be iN. 
confeſſed that the cauſe of the diſengagement of *. OI. 
olic air in the one caſe, and inflammable in the other, action of vitri- 
is not ſo well ſolved, It has not been explained, upon — 885 
the old theory, why the phlogiſton in one caſe unites 
with the acid, and forms ſulphur, and in the other flies 
off alone ; neither has it been ſhewn, in the new the- 
ory, why the water ſhould not be decompoſed in the 
former inſtance, as well as the latter. 
The further calcination of the iron by heat, or by 
expoſure of the ſolution to the air, is accounted for, in 
the new theory, from the abſorption of more vital air. 
The general fact, that a definite degree of calcination 
is neceſſary for the moſt perfect ſolution of metals in 
acids, depends on attractions which have not been ex- 


perimentally refolved ; but which, in the way of con- 


jeAure, may be as eaſily accounted for by one theory 
as by the other. | 

Vitriol of iron is decompoſed by alkalis and by lime. precipitates of 
Cauſtic fixed alkali precipitates the iron in deep green *. 
flocks, which are diſſolved by the addition of more alkali, 
and form a red tincture. The mild alkali does not rediſ- 
ſolye the precipitate it throws down, which is of a 
greeniſh white colour. Diſtillation ſeparates the acid 
from martial vitriol, and leaves the brown calx of iron, Colcothar. 
called colcothar. | 

Vegetable aſtringent matters, ſuch as nut-galls, the Black fecula, 
huſks of nuts, logwood, tea, &c. which contain the —— * 
acid of galls hereafter to be deſcribed, precipitate a 
fine black fecula from martial vitriol, which remains 
ſuſpended for a conſiderable time in the fluid, by the | 
addition of gum arabic. This fluid is well known by | 
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Ink; its na- 
ture doubtful. 


— 


PREPARATION OF INE. 


the name of ink. It appears to conſiſt of the acid of 
galls, united to the calx of iron: but its nature has not 
been well determined ;'more eſpecially by an examina- 
tion of the contents of the fluid which remains after 
the precipitate has been completely depoſited. The 
black fecula is not magnetical ; but it is converted into 
a brown magnetic calx by heat. An exceſs of either 
of the three ancient mineral acids renders ink colour- 
leſs; but the acetous acid, or vinegar, does not. Ink 
becomes blacker by expoſure to the air, which acidifies 
more completely the principle combined with the iron ; 
but ancient writings become more and more yellow, 
in conſequence of the eſcape of the acid *. Their legi- 
bility may be reſtored by the addition of infuſion of 
galls, or gallic acid The beſt method of reſtoring 


Inks ſeem to fail chiefly en account of the ſmall proportion 
and deſtructibility of the aſtringent principle, which Berthollet diſ- 
tinguiſhes from the gallic acid. Dr. Lewis recommends the follow - 
ing receipt for writing-ink (Commerce of Arts, page 391): One 
part martial vitriol, one part powdered logwood, and three parts 
powdered galls, are to' be infuſed in one quart of vinegar, or white 
wine, or water, for each ounce of the vitriol, together with one 
ounce of gum arabic for each quart of the liquor; and ſhaken for 
four or five times a day, during ten or twelve days; after which it 
may be decanted for uſe. 

On the above I muſt remark, that though vinegar affords a good 
black ink, yet Dr. Lewis has overlooked a great inconvenience 
attending its uſe. It acts ſo ſtrongly upon the quills, that the ſharp- 
neſs of the extremity of a pen uſed with this ink ſoon goes off, and 
continually wants mending. A perfect theory of ink would probably 
tead to great improvements in this moſt uſeſul fluid, 

Ribaucourt, Annales de Chimie, does not approve the redundancy 
of aſtringent matter recommended by Lewis. An abſtract of his 
experiments may be ſeen, under art, Ixx of the Chemical Dictionary, 


the 


/ PRUSSIAN BLUE. 


the legibility of ancient writings * conſiſts in ſpreading 


a ſolution of the Pruſſian alkali thinly with a feather Nane ce 
over the traces of the letters; and then to touch it Pruſſian blue. 


gently, and as nearly upon or over the letters as can 
be done, with a diluted acid, by means of a pointed 
ſtick. 

The beautiful pigment, well known in the arts by 
the name of Pruſſian blue, is likewiſe a precipitate 
afforded by martial vitriol. It has been made for con- 
ſiderably more than half a century; but its compo- 
fition is not yet clearly aſcertained. The proceſs for 
making it is as follows: Calcine a mixture of equal 
parts of vegetable alkali and dried bullocks blood, until 
it ceaſes to emit either flame or ſmoke; then raiſe the 
fire, to give the maſs a low red heat. Throw the mat- 
ter while red-hot into as many quarts of water as there 
were pounds of the original mixture, and boil it for 
half an hour. Decant the liquid, and waſh the coaly 
reſidue with more water, till it comes off almoſt inſipid. 
Add this water to the former, and evaporate the whole 
by boiling, until it be reduced again to the former 


number of quarts. This is the lixivium ſanguinis, or Pruſſian alkali. 


Pruſſian alkali ; which, if added in a proper quantity 
to a ſolution of iron, precipitates it partly in the form 
of calx, and partly in the form of Pruſhan blue. If 
the marine acid be added to the precipitate, it difſolyes 
the calciform part, and leaves the Pruſhan blue much 


purer. Hence it appears that the whole of the alkali, 


in the uſual method of calcination with bullocks blood, 
or other animal ſubſtances, is not ſaturated with the 


» Blazden, in PhiloC. Tranf. vol. !xxy; page 455- 
X 4 colouring 
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IRON» Colouring matter, but that the unſaturated part of the 
1 precipitates part of the iron in the calciform 
ſtate; while the other part, combining with the colour- 

ing matter, falls down in the form of Pruſſian blue 

Pruſſian alkali For chemical purpoſes, the Pruſſian ley is produced, 
_— wee by boiling the alkali upon Pruſſian blue ready formed. 
The calx of iron is thus deprived of the colouring mat- 

ter by the alkali, to which it has a greater affinity, and 

which it only quits when there is another acid preſent 

to unite with the alkali; as in the juſt-mentioned in- 

ſtance of the ſolution of iron, where a double affinity 

takes place. The Pruſſian alkali, prepared in either 

way, contains ſome iron, It can be had pure in no 

other way than by directly combining the pure colour- 

| ing matter with a pure alkali, 

Acid of Praſ= The habitudes of this colouring matter denote it 
_ to be an acid. If the Pruſſian alkali be boiled in a 
retort with weak vitriolic acid, the colouring matter 

comes over in the form of an inflammable air, which 

will be abſorbed by water placed in the receiver. 

As a portion of vitriolic acid likewiſe comes over, a 

ſecond diſtillation is neceſſary to be made, with the 

addition' of chalk. The vitriolic acid, ,by this means 

forming ſelenite, is detained ; while the Pruſſian acig 

paſſes over totally before one-fourth of the water js 

diſtilled off. 

Combinations The colouring matter of Pruſſian blue is not only 
- ſeized by the fixed alkalis, but likewiſe by the volatile 
| alka'i, by lime, by magneſia, and by ponderous earth; 
with which it forms peculiar compounds, capable of 
precipitating Pruſſian blue, by double affinity, from the 

ſolutions of iron in acids. : Various metals likewiſe 
er 
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combine with it. Alkalis, or lime, combined with the 
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Pruſſian acid, are uſed as teſts to aſcertain the pre- OD — 


ſence and quantity of iron in ſolution. But all the ing * bi 


alkaline or earthy combinations, produced by applying 
thoſe ſubſtances to Pruſſian blue, contajn iron, which 
falls down in the form of the blue precipitate when an 


acid is added, For this reaſon they cannot be uſed in- 


accurate experiments, unleſs a previous trial has been 
made of the quantity a known proportion of the proof 
liquor is capable of precipitating. 


If the dephlogiſticated or atrated marine acid be Experiments 
mixed with the Pruſhan acid, the former reſumes 2d. ; 


the ſtate of common marine acid; while the latter 
acquires a much ſtronger ſmell, and appears to be 
more volatile. In this ſituation it does not form 
Pruſſian blue with the ſolutions of iron; but affords 
a green precipitate, which becomes blue by expoſure 
to the light, or by the addition of yolatile vitriolic 
acid. 

II martial vitriol be added to the dephlogiſticated or 
acrated marine acid, and a ſolution of Pruſſian alkali 
be poured in, the green precipitate which is formed 
is again diſſolved ; but it may be precipitated of a bluc 


colour by the addition of volatile vitriolic acid, or mar- 


tial vitriol, or iron alone. 

In the inſtances laſt mentioned we may perceive 
that the effects depend on the dephlogiſtication or ad- 
dition of vital air to the Pruſhan acid, accordingly 
as we adopt the ancient or the modern theory. The 
green precipitate, which may be conſidered either 
as dephlogiſticated Pruſſian blue, or as Pruſſian blue 
combined with vital air, becomes common Pruſſian 

blue 


Theory. 


? 
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on. blue by the action of light; which, as we have fre. 
quently had occaſion to remark, operates in many 

inſtances in a manner contrary to that of combuſ. 

tion; that is to ſay, it either adds phlogiſton, or ex- 

Theory of the pels vital air, or does both. By this action there- 
* fore the Pruſſian blue returns to its original ſtate. The 
on Pruftian addition of volatile vitriolic acid muſt produce a like 
eſſect; for this acid is phlogiſticated according to the 

old theory, or is deſicient in vital air according to the 

new : it is therefore difpoſed either to phlogiſticate 

the green precipitate, or to attract vital air from it; 

which is all that it requires to convert it into common 

Pruſſian blue. Ihe ſame theories manifeſtly apply to 

the green precipitate, which is rediſſolved; for in what- 

ever {late of combination it may be ſuppoſed to remain, 

as to the order or arrangement of the principles which 

are united in the fluid, the addition of volatile vi- 

triolic acid, or common vitriol, or iron in the me- 

tallic ſtate, will impart phlogiſton, or attract vital air; 

the abſence of the one, or redundance of the other 

of which, is ſuppoſed, according to the reſpeCtive 

theories, to cauſe the difference between it and Pruſ. 


* 


ſian blue. 
If the Pruſſian acid be impregnated more ſtrongly 


with the dephlogiſticated or aerated marine acid, and 
then expoſed to the action of light, it aſſumes new 
properties. It no longer combines with iron precipi- 
tated from its ſolutions; its ſmell is entirely different 
from that which it before poſſeſſed; and now reſembles 
an aromatic oil, the greateſt part of it ſeparating from 
the water, at the bottom of which it flows in the 
form of an oil. This fluid however is not inflam- 

mable · 


Experiment. 
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mable. By a gentle heat it riſes in the form of a it. 
vapour, not ſoluble in water: and in time it aſſumes 
the form of ſmall cryſtals. Pruſſian acid cannot be 
- reſtored after it has undergone theſe changes. Their 
theory is not known. 

Various experiments have been made to diſcover Diſcovery of 
the component parts of the Pruſhan acid. If equal — 
parts of pulveriſed charcoal and vegetable alkali be van acid. 
made red-hot for a quarter of an hour in a crucible, 
and ſome ſal ammoniac in ſmall pieces be then 
briſkly ſtirred down into the maſs, the ammoniacal 
vapours will ſoon ceaſe. The ignited matter being 
then thrown into water, affords a lixivium equal to | 
the beſt which is made with blood. From theſe, and 
other experiments, it was concluded that its compo- 
nent parts are fixed air, volatile alkali, and the prin- 
ciple of inflammability, or phlogiſton. Later experi- 
ments appear to have decided the queſtion ſomewhat 
more accurately. When the acid has been converted, 
by means of the dephlogiſticated or atrated marine 
acid, into that ſtate which affords a green precipitate 
with iron, it emits alkaline air upon the addition of 
lime, or a pure alkali. If the lime, or alkali, be after- e 
wards ſaturated by the addition of ſome other acid, 
the Pruſſian acid is not diſengaged, or reſtored, but 
is no where found; hence it follows, that the alkaline 
air was one of the principles of the Pruſſian acid, 
which is deſtroyed : and as the lime or alkali uſed 
in this decompoſition is found to be in a mild ſtate, 
that is to ſay, combined with fixed air, though it 
did not contain that ſubſtance before; it is clear that 

the other principle of the Pruſſian acid*is fixed air. 
The 


* 
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Component 


COMPONENT PARTS OF PRUSSIAN ACID. 


The common Pruſhan acid conſiſts therefore of vo- 
latile alkali, united with the baſe of fixed air, or that 


parts of Pruſ- ſubſtance which, in combination with vital air, forms 


fan acid. 


Action of ni- 
trous acid on 
iron, 


2 


the acid called fixed air, When the Pruſhan acid 


receives vital air, and is converted into the ſtate pro- 
per to afford the green precipitate, it then appears to 
conſiſt of the ſame principles as the mild or concrete 
yolatile alkali, though probably in a different order of 
combination ; and this order ſeems to be deranged by 
the addition of the lime, or the fixed alkali, which at- 


tracts thoſe principles that form fixed air, at the ſame 


time that the principles which form volatile alkali fly 
off in the elaſtic ſtate, 
The component parts of Pruſſian acid will conſe- 


quently be phlogiſticated air, inflammable air, and 


fixed air, or its baſe; all which are afforded by animal 
ſubſtances; but they do not form this peculiar com- 
bination in any caſe yet known, excepting that in 
which an alkali is preſent when thoſe ſubſtances are 
decompoſed by fire “. | 

Concentrated nitrous acid acts very ſtrongly upon 
iron filings, much nitrous air being diſengaged at the 
ſame time. The ſolution is of a reddiſh brown, and 
depoſits the calx of iron after a certain time; more 
eſpecially if the veſſel be left expoſed to the air. A 
diluted nitrous acid affords a more permanent ſolution 


For a fuller account of this ſubject conſult Scheele's Eſſays ; 
the Opuſcula, or Chemical Effays, of Bergman; and the Annales de 
Chimie, vol, i.; the latter of which contains an abſtract of a valuable 
memoir of Berthollet, read before the Royal Academy of Sciences 
at Paris in the year 1787. 


of 
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NITROUS SOLUTION OF IRON. 


of iron, of a greeniſh colour, or ſometimes of a yel- 


low colour: neither of the ſolutions affords cryſtals ; — — 


but they depoſit the calx of iron by boiling, at the ſame 
time that the fluid aſſumes a gelatinous appearance. 
This magma, by diſtillation, affords fuming nitrous acid, 
much nitrous air, and ſome phlogiſticated air; a red 
calx being left behind, which, in all probability, retains 
moſt of the vital air of the acid. 


If vegetable alkali be added to the nitrous ſolution ꝓreeipitates of 
iron from ni-- 


of iron, a brown precipitate falls down; of which a 
ſmall quantity is rediſſolved by the alkali Mild ve- 
getable alkali ſeparates a yellowiſh calx, which ſoon 
becomes of a beautiful orange red colour. If the 
mixture be agitated during the efferveſcence, the pre- 
cipitate is rediſſolved in much greater quantity than 
by the pure vegetable alkali ; doubtleſs by the medium 


of the fixed air. This ſolution is known by the name Martial alka- 
of Stahl's martial alkaline tincture, and is of a fine line tinctures. 


red colour, which however is impaired by time, 
Pure volatile alkali ſeparates a deep green and al- 
moſt black precipitate from the nitrous ſolution of 
iron. The mild volatile alkali rediſſolves the iron, 
which it ſeparates from the acid; and forms an al- 
kaline tincture of a more lively colour than that of 
Stahl. 


Diluted marine acid rapidly diffolves iron, at the Action of ma- 
ſame time that a large quantity of inflammable air tine acid on 
iron. 


is diſengaged, and the mixture becomes hot. In this, 
as well as in the vitriolic ſolution of iron, the ſame 
quantity of alkali is ſaid to be required to ſaturate 
the acid as before the ſolution ; whence it is inferred 
that the acid is not decompoſed, but that the calcina- 

tion 
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Marine ſolu- 
tion of iron. 


Precipitates. 


MARINE soLUHON OF IRON. 


tion is effected by the vital air of the water: whence 
alſo it appears to follow, that the inflammable air 
muſt be afforded from the decompoſed water, and not 
from the metal. It muſt however be remarked, that 
this fact, as well as moſt of thoſe upon which the 
rejection of phlogiſton, or the inflammable principle, 
is grounded, are controverted by the philoſophers who 


"maintain the exiſtence of that principle. 


The marine ſolution of iron is of a yellowiſh green 
colour, and is much more permanent than the ſolu- 
tions of that metal in the vitriolic or nitrous acids; 
though, like all the other ſolutions of iron, it depoſits 
its metal by expoſure to the air. By evaporation it 
aſſumes the confiſtence of ſyrup, in which needle- 
formed and deliqueicent cryſtals appear. Some che- 
miſts aitlirm, that the acid quits the iron by diſtilla- 
tion, though much more difficultly than either the 
nitrous or vitriolic acid; but this intereſting experi- 
ment has not been made ſince the improvements of 
chemiſtry have led philoſophers to attend to ſuch pro- 
ducts as appear in the permanently elaſtic ſtate, 

The marine ſolution of iron js decompoſed by 
lime and by alkalis; but the precipitates are more 
eaſily reduced to the metallic ſlate than thoſe afforded 
by other acids. Liver of ſulphur, hepatic air, and 
aſtringents, decompoſe this, as well as the other 10- 
lutions of iron; and the pure Pruſſian alkali throws 
down a very fine blue precipitate. 


A Aion of fixed + Fixed air, diſſolved in water, combines with a con- 


air on iron: 


ſiderable quantity of iron, in proportion to its mats. 


—aad vinegar. Vinegar ſcarcely diſſolves it, unleſs by the aſhitance ot 


the air. 
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INFLAMMATION OF IRON AND SULPHUR. 


In the dry way, this metal does not cqͤmbine with 


earths, unleſs it be previouſly calcined ; in which caſe 2 
it aſſiſts their fuſion, and imparts a green colour to earths, &c. on 


the glaſs. It appears to combine with alkalis by fu- 
Gon. Nitre detonates ſtrongly with it, and becomes 
alkalized. Sal ammoniac is decompoſed by it. Two 
parts of iron filings, triturated with one part of fal 
ammoniac, and expoſed to diſtillation, afford about 
one part of liquid volatile alkali, contaminated by a 
ſmall portion of iron. Some inflammable air comes 
over in this diſtillation, either from the iron, or from 
the water contained in the ſal ammoniac: the reſidue 
conſiſts of iron united to marine acid. A medical 
preparation is made by ſubliming fal ammoniac from 
a ſmall portion of iron filings ; which gives part of 
the ſalt a yellow colour. The calx of iron decompoſes 
ſal ammoniac by ſeizing its acid, even in the cold. 


. Sulphur combines very readily with iron, in the dry, Combination 


and even in the humid way, though neither of theſe 


mixture of iron filings and flowers of ſulphur being 
moiſtened, or made into a paſte, with water, becomes 
hot, ſwells, adheres together, breaks, and emits wa- 
tery vapours of an hepatic ſmell. If the mixture be 
conſiderable in quantity, as for example, one hundred 


pounds, it takes fire in twenty or thirty hours, as 8 
inflammation, 


foon as the aqueous vapours ceaſe. This effect may 
be explained without difficulty .in a general way, 
though the circumſtances require to be more minutely 
examined: Iron, ſulphur, and water, are placed in 
contact. The iron. is very ſparingly ſoluble in water“; 


Annales de Chimie, vol. i. 220, 


and 


ſulphur in the 
ſubſtances is ſcarcely at all ſoluble in water. A humid way, 
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nö and the ſulphur is probably ſoluble in à ſmall degree 

8 as may be judged by its becoming ſoft in that fluid. 

was gn; In the ancient theory, it may be ſaid that the ſulphur 

phur : combines with the calx of the iron, and expels its 

inflammable ait or phlogiſton. The heat muſt be de- 

duced, in any theory, from the change of capacity, or 

rapid commotion, produced in the act of union. This 

heat volatilizes part of the ſulphur, together with the 

: 8 inflammable air; and if the temperature be ſufficiently 

elevated, theſe ſubſtances will take fire, at the moment 

of their extrication, by the aſſiſtance of the air of the 

atmoſphere. In the new theory, the explanation will 
by the anti- be nearly the ſame. The iron and the ſulphur, being 

phlogiſtic hy- , . 

| potheſis. conſidered as ſimple ſubſtances, tend to combine with 

| each other, through the medium of vital air, which 

If calcines the iron, and is ſuppoſed to be afforded by 

{ decompoſition of the water. The ſame decompoſition 
| extricates inflammable air from the water. This, to- 
| _ gether with the ſulphur, forms hepatic air; which; 
flying off at the temperature of ignition, takes fire 
by combination with the air of the atmoſphere. In 
this theory it may further be added, that, as ſulphur 
and water, in contact, at an elevated temperature, 
afford inflammable air, which is explained by the ſup- 
poſition of vital air combining with the ſulphur, there 
would be an increaſe of inflammation from this cauſe. 
Some doubt however may be entertained, whether 
ſulphur be more combuſtible than inflammable air at 
any temperature, ſince hepatic air depoſits ſulphur 
when detonated with vital air; which muſt, in all 
probability, depend on the latter being leſs com- 
buſtible at the temperature of inflammation. On the 
| whole 
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UNION OF SULPHUR WITH IRON. 


whole it appears, that facts and obſervations are 
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wanting, rather than probable theories; and that it is — 


ſcarcely neceflary to purſue this inquiry more mi- 
nutely in the way of argumentative diſquiſition. The 
ſpontaneous combuſtion of iron and ſulphur with wa- 
ter, is evidently an effect of the ſame kind as the de- 
compoſition of pyrites. 

Sulphur combines very readily with iron by fuſion; 
and produces a compound of the ſame nature as 
the pyrites, and exhibiting the ſame radiated ſtructure 
when broken. If a bar of iron be heated to white- 
neſs, and then touched with a roll of ſulphur, the 
two ſubſtances combine, and drop down together in 
the fluid ſtate. It is neceſſary that this experiment 
ſhould be made in a place where there is a current of 
air to carry off the fumes; and the melted matter, 
which may be received in a veſſel of water, is of the 


| ſame nature as that produced by fuſion in the com- 


mon way, excepting that a greafer quantity of ſul- 
phur is fuſed by the contact of the bar of iron. The 
experiment of combining iron and ſulphur together 
by fuſion, has not been made with an attention to 
the volatile products, if any be extricated. As nei- 
ther of theſe ſubſtances contains water, and both are 
ſuppoſed, in the new theory, to be fimple bodies, 
the experiment might, perhaps, afford an intereſting 
reſult, 


Page 144. 


Union of ſul- 
phur with iron 
in the dry way. 


If equal parts of phoſphoric glaſs, and iron clip- Phoſphorus 


and iron. 


pings, together with one-ſixteenth of a part of pulye- 
rized charcoal, be fuſed together, the mixture is very 


brittle, white in its fracture, and of a ſtriated and 


granulated texture. This combination of iron with 
Y phoſ- 
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ion. phoſphoric acid is found in the iron produced from 
e bog ores, which abound in the remains of decayed ve- 
| Cold ſhort iron. getables. It is the cauſe of brittleneſs in the iron when 
| cold ; which occaſions that kind of iron to be called 
cold ſhort iron by the workmen. Phoſphorated iron 
siderite. was at firſt taken to be a peculiar metal; and was called 

2 ſiderite by Bergman. 


* 


itt! Metallic com- Iron unites with gold, ſilver, and platina. When 
| 3 heated to a white heat, and plunged in mercury, it be- 
| comes covered with a coating of that metal. Long 
} trituration of mercurial amalgams likewiſe cauſes a 
coating to adhere to the ends of iron peſtles ; ſmall 
ſteel ſprings, kept plunged beneath the ſurface of mer- 
cury in certain barometers, become brittle in proceſs 
| . of time: and the direct combination of“ iron and mer- 
cury in the form of an amalgam may be obtained by 
triturating the filings with twice their weight of alum; 
| then adding an equal weight or more of mercury, and 
| continuing the friction with a very ſmall quantity of wa- 
ö | | ter till the union is completed. Iron and tin very readily 
| 


unite together; as is ſeen in the art of tinning iron 

veſſels, and in the fabrication of thoſe uſeful plates of 

iron, coated with tin, which are generally diſtinguiſhed 

Tinning of iron by the ſimple name of tin alone. The chief art of ap- 
il 885 plying theſe coatings of tin conſiſts in defending the me- 
| tals from calcination by the acceſs of air. After the 
| iron plates are ſcraped, or rendered very clean by ſcour- 
il ing with an acid, they are wetted with a ſolution of ſal 
ammoniac, and plunged into a veſſel containing melted 


tin; the ſurface of which is covered with pitch or 


| * Vogel, in Crell's Annals, ii, 103. Eng. trand, 
tallow, 


WITH METALLIC SUBSTANCES. 


% 


tallow, to preſerve it from calcination. 'The tin ad- 
heres to and intimately combines with the iron to a 
certain depth, which renders the tinned plates leſs diſ- 
poſed to harden by hammering, than before, as well as 
much leſs diſpoſed to alter, by the united action of air 
and moiſture. The proceſs for tinning of iron veſſels 
does not eſſentially differ from that which has already 
been deſcribed of copper veſſels. Iron does not unite 
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with biſmuth, at leaſt in the direct way. As nickel Combinations 


cannot be purified from iron without the greateſt diffi- 


of iron with 


metallic ſub. 


culty, it may be preſumed that theſe ſubſtances would ſtances. 


readily unite, if the extreme infuſibility of both did not 
preſent an obſtacle to the chemical operator. Arſenic 
forms a brittle ſubſtance in its combination with iron. 
This ſemi-metal, which is ſo abundant in the mineral 
kingdom, is ſaid to be the cauſe of the brittleneſs which 
ſome ſpecimens of iron poſſeſs when hot, though mal- 
leable when cold. Iron, thus contaminated, is diſtin- 
guiſhed by workmen by the name of red ſhort iron. 
Cobalt forms a hard mixture with iron, which is rot 
eaſily broken. The inflammability- and volatility of 
zinc preſent an obſtacle_to its combination with iron. 
It is not improbable, however, but that clean iron 
filings would unite with zinc, if that metal were kept 
in contact with them for a certain time, in a heat not 
ſufficient to cauſe it to riſe; for it has been found that 
zinc may be uſed in the operation of coating iron in 
the ſame manner as tin. Antimony unites with iron, 
and forms a hard brittle combination, which yields, in 
a flight degree, to the hammer. The combination of 
ſulphur, and the regulus of antimony, which is com- 
monly known by the name of antimony, is decompoſed 

d ihe by 


— = — — 
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Combinations 
of iron with 
metallic ſub. 
ſtances. 


Native iron, 
and its ores, 


mony muſt then be thrown into the crucible, and 


' ſcarcely ever perfectly free from it. The parts of 


ever 1n its native ſtate is ſcarce: moſt iron is found 


IRON ORES. 


by virtue of the greater affinity of the iron to the ſul- 
phur. For this purpoſe, five ounces of the- points 
of nails from the farriers may be made red-hot 


in a crucible z one pound of pulverized ore of anti- 


the heat quickly raiſed to fuſe the whole. When the 
fuſion is perfect, an ounce of nitre in powder may be 
thrown in to facilitate the ſeparation of the ſcoriæ. 
After the maſs is cooled, the antimony is found ſepa- 
rate at the bottom of the crucible, while the iron re- 
mains in combination with the ſulphur and alkali. If 
the proportion of the iron be conſiderably greater than 
five ounces to the pound of antimonial mineral, the 
regulus will be alloyed with iron. Manganeſe is almoſt 
always united with iron in the native ſtate. Wolfram 
forms a brittle whitiſh- brown hard alloy, of a compact 
texture, when fuſed with white crude iron. 
The habitudes of iron with the regulus of molyb- 
dena are not known. | 
Iron is the moſt diffuſed, and moſt abundant, of 
metallic ſubſtances. Few mineral bodies, or ſtones, 
are without an admixture of this metal. Sands, clays, 
and the waters of rivers, ſprings, rain, or ſnow, are 


animal and vegetable ſubſtances likewiſe afford iron in 
the reſidues they leave after incineration. It has been 
found native, in large maſſes, in Siberia“, and in the 
internal parts of South America. This metal haw- 


* See Bergman's Eſſays ; Magellan's improved edition of Cron- 
ſtedt's Mineralogy ; and the Philoſ. Tranſ. lxxviii. 37. 


in 


ANALYSIS OF IRON ORES, 


in the calciform ſtate, in ochres, bog ores, and other 
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friable earthy ſubſtances, of a red, brown, yellow, or Oper of Tron, 


black colour. The hæmatites, or blood ſtones, are 
likewiſe calciform ores of iron: theſe are either of 
a red colour, or blue, yellow, or brown. This uſeful 
metal is ſo abundant, that whole mountains are com- 
poſed of iron ſtone ; whereas other metals uſually run 
in ſmall veins. Beſides the calciform ores of iron, 
which are either nearly pure, or elſe mixed with earths, 
as in ſpars, jaſper, boles, baſaltes, &c. iron is mineral- 
ized with ſulphur, as in the pyrites; with arſenic, in 
the white pyrites; or with both. An iron ore is like- 
wiſe found, of a blue colour, and powdery appearance, 
which is thought to be of the ſame nature as Pruſſian 
blue. The coaly iron ores contain bitumen. The 
magnet, or loadſtone, is an iron ore, whoſe conſtitu- 
tion has not yet been accurately examined, Iron is 
alſo found in combination with the vitriolic acid, either 
diſſolved in water, or in the form of vitriol. 


To analyſe the ores of iron in the humid way, they Humid analyſis 


mult be reduced to a very ſubtle powder, and repeat- 
edly boiled in marine acid. If the ſulphureous ores 
ſhould prove flow of ſolution, a ſmall quantity of 
nitrous acid mult be added to accelerate the operation. 
The iron being thus extracted, the inſoluble part of 


the matrix only will remain. Pruſſian alkali, being 


added to the decanted ſolution, will precipitate the 
iron in the form of Pruſhan blue. This precipitate, 
when waſhed and dried, will be equal in weight to 
ſix times the quantity of metallic iron it contains; and 
from this iron four parts in the hundred muſt be de- 


ducted, to allow for the iron which is contained in the 


Y 3 Pruſſian 


of iron ores. 
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ANALYSIS OF IRON ORES. 


Pruſſian alkali itſelf. But as this alkali, and every 
other preparation containing the Pruſſian acid, does 
not conſtantly afford the ſame quantity of iron, the 
moſt exact way, in the uſe of ſuch preparations, con- 
fiſts in previouſly diſſolving a known quantity of iron in 
vitriolic acid; and precipitating the whole by the ad- 
dition of the Pruſſian alkali. This reſult will afford a 
rule for the uſe of the ſame alkali in other ſolutions. 
For as the weight of the precipitate obtained in the 
trial experiment, is to the quantity of iron which was 
diſſolved and precipitated ; ſo is the weight of the pre- 
cipitate obtained from any other ſolution, to the quan- 
tity of iron ſought. 

If the iron be united to any conſiderable proportion 
of zinc or manganeſe, the Pruſſian blue muſt be cal- 
cined to redneſs, and treated with pale nitrous acid, 
which will take up the calx of zinc. The manganeſe 


may then be diſſolved by nitrous acid, with the addi- 


tion of ſugar ; and the remaining iron, being diflolved 


by marine acid, and precipitated by mild mineral alkali, 


Analyſis in the 
ary way. 


will afford 225 grains of precipitate for every 100 grains 
of metallic iron. 

To examine the ores of iron in the dry way, the 
only requiſite is fuſion, in contact with charcoal.— 
For this purpoſe, cight parts of pulverized glaſs, one 
of calcined borax, and half a part of charcoal, are to 
be well mixed together. Two or three parts of this 
flux, being mixed with one of the pounded ore, and 
placed in a crucible, lined with a mixture of a little 
clay and pounded charcoaþ, with a cover luted on, is 
to be urged with the ſtrong heat of a ſmith's forge for 


half an hour. The weight of the ore, in this experi- 
5 — mM ment, 


IRON FURNACES, 


ment, ſhould not exceed 60 grains. Other proceſſes 
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for determining the contents, or metallic product, of * 


iron ores, are inſtituted by performing the ſame ope- 
rations in the ſmall, as are intended to be uſed in the 
large way. 

In the large iron works, it is uſual to roaſt or cal- 
cine the ores of iron previous to their fuſion; as 
well for the purpoſe of expelling ſulphureous or arſe- 


nical parts, as to render them more eaſily broken 


into fragments of a convenient ſize for melting. The Smelting of iron 


from 16 to 30 feet high; and variouſly ſhaped, either 


conical or elliptical, according to the opinion of the 


iron-maſter. Near the bottom of the furnace is an 
aperture for the inſertion of the pipe of large bellows, 
worked by water or ſteam, or of other machines for 
producing a current of air; and there are alſo holes at 
proper parts of the edifice, to be occaſionally opened, 
to permit the ſcoriæ and the metal to flow out, as the 
proceſs may require. Charcoal, or coke, with lighted 
bruſhwood, is firſt thrown in; and when the whole 
inſide of the furnace has acquired a ſtrong ignition, 
the ore is thrown in by ſmall quantities at a time, 
with more of the fuel, and commonly a portion of 
limeſtone, as a flux : the ore gradually ſubſides into 
the hotteſt part of the furnace, where it becomes 
fuſed ; the earthy part being converted into a kind of 
glaſs ; while the metallic part is reduced by the coal, 
and falls through the vitreous matter to the loweſt 
place. The quantity of fuel, the additions, and the heat, 
muſt be regulated, in order to obtain iron of any de- 
fired quality; and this quality muſt likewiſe, in the firſt 

d product, 


. : 5 in the large 
mineral is melted, or run down, in large furnaces way, TY 
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IR0n. product, be neceſſarily different, according to the na- 
— mure of the parts which compoſe the ore. 

States of iron. The iron which is obtained from the ſmelting fur- 
naces is not pure; and may be diſtinguithed into 

The three three ſtates :—white crude iron, which is brilliant 
_ has  * fracture, and exhibits a cryſtallized texture, more 
brittle than the other kinds, not at all malleable, and 

ſo hard as perfectly to withſtand the file: grey crude 

iron, which exhibits a granulated and dull texture when 

broken ; this ſubſtance is not ſo hard and brittle as the 

former, and is uſed in the fabrication of artillery, and 

other articles which require to be bored, turned, or 

repaired : and black caſt iron, which is ſtill rougher 

in its fracture; its parts adhere together leſs perſectly 

than thoſe of the grey crude iron: this is uſually fuſed 


: again with the white crude iron. \ 
Refining of Whenever crude iron, eſpecially the grey ſort, is 
Iron. . * . - * 
fuſed again with contact of air, it emits ſparkles, loſes 


weight, and becomes leſs brittle. In order to convert 
it into malleable iron, it is placed on a hearth, in the 
midſt of charcoal, urged by the wind of two pair of 
bellows. As ſoon as it becomes fuſed, a workman con- 
tinually ſtirs it with a long iron inſtrument. During 
the courſe of ſeveral hours it becomes gradually leſs 
fuſible, and aſſumes the conſiſtence of paſte. In this 
ſtate it is carried to a large hammer, the repeated blows 
of which drive out all the parts that till partake of the 
nature of crude iron ſo much as to retain the fluid ſtate. 
By repeated heating and hammering more of the fu- 
ſible iron is forced out ; and the remainder, being mal- 


leable, is formed into a bar, or other form, for ſale. 
Crude 


FABRICATION OF STEEL. 


Crude iron loſes upwards of one-fourth of its weight 
in the proceſs of refining. 

Purified, or bar iron, is ſoft, duQile, flexible, mal- 
leable, and poſſeſſes all the qualities which have been 
enumerated in this chapter, as belonging excluſively 
to iron. When a bar of iron is broken, its texture ap- 
pears fibrous; a property which depends upon the 
mechanical action of the hammer, while the metal is 
cold. Ignition deſtroys this fibrous texture, and ren- 
ders the iron more uniform throughout; but hammer- 


ing reſtores it. 
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If the pureſt malleable iron be bedded in pounded Iron converted 


charcoal, in a covered crucible, and kept for a certain 
number of "ol in a ſtrong red heat (which time 
muſt he longer or ſhorter, according to the greater 
or leſs thickneſs of the bars of iron), it is found that 
by this operation, which is called cementation, the iron 
has gained a ſmall addition of weight, amounting to 
about the hundred and fiftieth, or the two hundredth 
part ; and is remarkably changed in its properties. It 
is much more brittle and fuſible than before. Its ſur- 
face is commonly bliſtered when it comes out of the 
crucible z and it requires to be forged, to bring its 


parts together into a firm and continuous ſtate, This. 


cemented iron is called ſteel. It may be welded like 
bar iron; but its moſt uſeful and adyantageous pro- 
perty is that of becoming extremely hard when ig- 
nited, and plunged in cold water. 'The hardneſs pro- 
duced is greater in proportion as the ſteel is hotter, 
and the water colder. The colours which appear 
on the ſurſace of ſteel ſlowly heated, are yellowiſh 


white, yellow, gold colour, purple, violet, deep blue, 
; yellowiſh 


into ſteel by 
cementation. 
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on. yellowiſh white; after which the ignition takes place. 
Seer Theſe ſigns direct the artiſt in tempering or reducing 
Pers. the hardneſs of ſleel to any determinate ſtandard. If 
ſteel be too hard, it will not be proper for tools which 

are intended to have a ſine edge, becauſe it will be ſo 

brittle that the edge will ſoon become notched; it may 

even be rendered friable by too much heat; on the 

| contrary, if it be too ſoft, it is evident that the edge 
4 —— will bend or turn. Some artiſts ignite their tools, and 
and tempering plunge them in cold water; after which they brighten 
ENS. the ſurface of the ſteel upon a ſtone : the tool being 
then laid upon charcoal, or upon the ſurface of melted 

lead, or placed in the flame of a candle, gradually ac- 

quires the deſired colour; at which inſtant they plunge 

it into water. If a hard temper be deſired, the piece 

is dipped again, and ſtirred about in the cold water as 

ſoon as the yellow tinge appears. If the purple appear 

beſore the dipping, the temper will be fit for gravers, 

and tools uſed in working upon metals; if dipped 

while blue, it will be proper for ſprings, and for inſtru- 

ments uſed in the cutting of ſoft ſubſtances, ſuch as 

cork, leather, and the like; but if the laſt pale colour 

be waited for, the hardneſs of the ſteel will ſcarcely 

exceed that of iron. When ſoft ſteel is heated to any 

one of theſe colours and then plunged in water, it does 

not acquire nearly ſo great a degree of hardneſs as if 

\ previouſly made quite hard and then reduced by tem- 
pering. The degree of ignition required to harden 

ſtecl, is different in the different kinds. The beſt 

kinds require only a low red heat. The harder the 

ſteel, the more coarſe and granulated its fracture will 


be; and as this is not completely remedied by the ſub- | 
4 | ſequent 


OBSERVATIONS ON STEEL. 
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ſequent tempering, it is adviſable to employ the leaſt non. 


heat capable of affording the requiſite hardneſs. 

It is a circumſtance worthy of remark, that ſteel has 
a leſs ſpecific gravity when hardened than when ſoft; 
but there are no circumſtances, upon which a proba- 
ble connec ion between theſe two properties, namely 
the increaſed hardneſs, and the diminiſhed ſpecihe 
gravity, can be made out. 

The uſual time required for the cementation of a 
ſmall bar of ſteel is from fix to ten hours; but in the 
large way they employ four or five days. If the ce- 
mentation be continued too long, the ſteel becomes 
porous, brittle, of a darker ſracture, more fuſible, and 
incapable of being forged or welded. On the con- 
trary, ſteel cemented with earthy infuſible powders, is 
gradually reduced to the ſtate of forged iron again. 
Simple ignition produces the ſame effect; but is at- 


tended with calcination of the ſurface. The texture cat eel. 


of ſteel is rendered more uniform by fuſing it before 
it is made into bars: this is called caſt ſteel; and is 
rather more difficultly wrought than common ſteel, 
becauſe it is more fuſible, and is diſperſed under the 
hammer if heated to a white heat. 


It is often found of advantage in the arts to con- qaſe hardening. 


yert the outſide of any tool or imp'ement into ſteel 
aſter it is nearly finiſhed. This is called cafe harden- 
ing. The following 1s among the receipts given for 
this purpoſe : 

Cow's horn or hoof is to be baked, or thoroughly 
dried, and pulverized, To this add an equal quantity 
of bay ſalt. Mix them with ſtale chamber ley, or 
white wine vinegar. Cover the iron with this mix- 
© 4 | ture, 


*þ 


Proceſs 


| 
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on. ture, and bed it in the ſame in loam, or incloſe it in 
t—— an iron box. Lay it then on the hearth of the forge 
to dry and harden. Then put it in the fire, and blow 
till the lump have a red heat, and no higher, leſt the 
mixture be burned too much. Take the iron out, 
and immerſe it in water, to harden, 
Compariſon of When we conſider the operations by which crude 
ſteel and erude . g : 
iron, iron is brought into the malleable ſtate, then converted 
into ſteel, and afterwards into a fuſible metal, which 
is not malleable ; we may perceive that ſteel- making 
is a kind of inverſion of the proceſs of refining iron, 
li | as practiſed in the firſt inſtance, When the calx of 
[8 iron is mixed together in the ſmelting furnace, with 
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It combuſtible matter and glaſs, it will either be com- 


pletely or partially revived, according to the' ma- 
nagement of the proceſs, Much of the coal will 
however be ſo enyeloped with the vitreous matter 
as to remain unburned: and the reduced iron, 
with which it may be in contact, will be in the ſame 
ſituation as forged iron in the cementing pot ; that is 
to ſay, it will be in contact with coal at a very ele- 
vated temperature, and defended fram the air. From 
the great infuſibility of iron, it may reaſonably be 
concluded, that the reduced metal does not flow into 
the bottom of the furnace, until the charcoal has con- 
verted it into a ſuſible matter ſimilar to ſteel, by the 
ſame action which takes place in cementation, what- 
ever that action may be. Hence it muſt follow, that 
the various ſpecimens of crude or caſt iron will differ 
in their qualities, as well on account of the depree of 
cementation they have undergone, as the degree of 


reduction which has taken place among the metallic 
parts, 


W 


OPERATION OF WELDING. 


parts, which are carried down, and form the whole 
maſs. Since the coal, in the proceſs of 'cementation, 
communicates or adds weight to the iron; and ſince 
crude iron, as well as ſteel, exhibits ſparkles, and is 
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more eaſily burned than other iron; it may therefore Conſideration 


of the effects of 


be concluded that, in the proceſs of refining, that part heat in refin- | 
of the inflammable ſubſtance which had united with ing iron. | 


the metal is burned, and leaves the iron much leſs 
fuſible than before. Stirring the maſs multiplies the 
contacts of the air with the burned ſubſtances ; theſe 
ſurfaces of contact will therefore ſucceſſively afford 
thin coats of infuſible metal. In this manner it is 
found, that if a large piece of crude iron be expoſed 
to heat in a wind-furnace, the external part will be 
deprived of its fuſibilit , during the time required to 
produce a ſtrong heat in the whole maſs; and the in- 
ternal part will be melted, and run out, leaving the 
ſhell behind. Iron which is of the conſiſtence of paſte 
may therefore be conſidered, like any other paſte, as a 
mixture of a fluid with a ſolid. It will be eaſily un- 
derſtood that the forging will bring the parts of diffi- 
cult fuſion together, and extrude the leſs refined and 
fluid parts: it will alſo be evident that this operation 
is not likely to drive out the whole of the fuſible 
matter. When the iron has arrived at that ſtate 
wherein the quantity of fibre or tough iron is ſuf- 
hcient to anſwer the mechanical purpoſes to which it is 
intended to be applied, the artiſt will conſider it as ſuſ- 


hciently refined ; and the reſidue of fuſible iron con- Probable cauſe 


tained in the bar anſwers, in all probability, the va- 
luable purpoſe of connecting theſe infuſible maſſes 


together. Thus we find that forged iron appears as 


if 


of the property 
of welding. 
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1 if covered with a varniſh, when urged to a white 
— — heat; we find that this varniſh is more abundant 
in ſteel; and that iron and ſteel may be reſpeCtively 
welded together by application in this ſtate; an 
effect which it would be very difficult to account 
for, in this moſt infuſible of metals, if it were not 
for ſuch an admixture. But caſt ſteel, ſteel over-ce- 
mented, and crude iron, appear to be in the ſtate of 
all other metals, platina excepted. They cannot be 
welded, becauſe welding implies a partial fuſion ; or an 
effect ſimilar to the glueing or uniting of ſolids by the 
application of a fluid, which afterwards becomes con- 
Platiaa, ſiſtent. And if it be true that platina poſſeſſes this va- 
| | luable property, it ſeems reaſonable to infer that it 
mult alſo conſiſt of two metallic ſubſtances of different 
degrees of fuſibility. 
rule iron Crude iron, ard ſteel of an uniform texture, conſiſt 
3 25 therefore of a fuſible combination of iron with the 
combuſtible ſubſtance of the coal, or ſomething which 
is imparted from it; the crude iron differing from 
the ſteel fimply in being over-cemented, and leſs 
pure, on account of the admixture of metallic calx, 
which can ſcarcely, perhaps, be avoided in the large 
proceſs. It appears therefore that crude iron muſt 
paſs through the ſtate of ſteel before it can become 
forged iron; and conſequently that the fabrication 
of ſteel from this la{t is a circuitous proceſs, which 
Proceſſes for Can only be repaid by the abſence of thoſe unreduced 
on parts which may exiſt in the crude iron. At ſome 
— 22 forges, however, where the ore, the flux, the fuel, and 
the management, are adapted to each other, the pro- 
duce affords ſteel, when duly refined. At other ma- 
nufactories, 


PROCESSES WITH CRUDE IRON, 


nufactories, the crude iron is either refined, or con- 


yerted into ſteel, by running it into thin plates, which YT 


are ſtratified with charcoal, and burned in a cloſe fur- 
nace. In this way, the metal is refined by degrees, 
without undergoing fuſion ; and if the heat be. raiſed 
to that of cementation, the iron will not only be 


reduced, but converted into ſteel. In the forges of 


Carinthia the grey crude iron is alſo converted either 
into ſoft iron or ſteel, according to the management 
of a ſomewhat ſimilar proceſs. The iron is fuſed in 
a large melting pot; and a ſmall quantity of water be- 
ing thrown upon the ſurface of the metal, cauſes a thin 
plate to congeal, which is taken off; and, by continuing 
the operation, the greateſt part of the fuſed iron be- 
comes converted into plates.” To produce ſteel, theſe 
plates are again fuſed, and kept a long time in an 
elevated heat; at the ſame time that the metal is 
defended from the contact of the air by a ſufficient 
quantity of the vitreous flag. © To produce ſoft iron, 
the plates are expoſed to a continued roaſting, while 
the air is conſtantly renewed by means of two pair of 
bellows. The extenſive ſurface of the plates renders 
it unneceſſary to uſe that agitation, or ſtirring, which 
is required when fuſed crude iron is refined. In theſe 
proceſſes it is evident, that the ſame matter in the crude 
iron, which it obtained in the ſmelting furnace, is 
employed, and ſupplies the place of the charcoal of 
cementation in forming the ſteel ; and, on the other 
hand, that this ſubſtance, which prevented the crude 
iron from being ſoft, tough, and infuſible, is burned 
away, together with a portion of the iron itſelf, while 
the remainder is left in a much purer ſtate. 


Theſe 


335 
IRON. 


The exiſtence 


PLUMBAGO IN IRON. 


Theſe are the facts obſerved at the furnaces. But 
the obſervations and inquiries of the chemiſt muſt be 


of plumbago in carried farther, in order to determine what it is that 


crude iron and 


ſteel; aſcer- 
tained in the 


dry way. 


- Plumbago ex- 
- tricated from 


won 11 the hues 
mild Way, 


iron gains or loſes at the time of its converſion into its 
various ſtates. It is found that crude iron approaches 
towards the ſoft ſtate, not only by heating with expo- 
ſure to air, which burns the combuſtible addition, 
but likewiſe by fuſion, without the free acceſs of air. 
In this caſe, when the fuſion has been complete, and 
the cooling gradual, it is found that a black ſubſtance 
is thrown up to its ſurface, which is more abundant 
the greyer or blacker the iron; and the ſame black 
ſubſtance is obſerved to coat the ladles of forged iron, 
which are uſed to take out the metal, and pour it into 
moulds for caſting ſhot and other articles. It appears 
therefore that the heated iron, like other heated fluids, 
is capable of holding a larger quantity of matter in ſo- 
lution than when cold; and that a portion of this black 
ſubſtance ſeparates during the cooling, whether by the 
gradual effect of ſurrounding bodies or by the contact 
of the ladle, in the fame manner as various ſalts are 
feparated, in part, from water by a diminution of tem- 
perature. From chemical analyſis, as well as from its 
obvious characters, this black ſubſtance is found to be 
plumbago, or the material uſed to make pencils, and 
commonly known by the name of black-lead. 

The preſence of this black matter is likewiſe exhi. 
bited by diflclving ſteel, or crude-iron, in acids, in 
which plumbago is inſoluble, and therefore remains 
behind in the form of a powder. Hence likewiſe is 
deduced the cauſe of the black ſpot which remains 
upon ſtee], or crude iron, after its ſurface has been 
corroded 
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corroded by acids; for this ſpot conſiſts of the plum- © 1r0x. 
bago which remains after the iron has diſappeared by — 


ſolution. . | 

Solution in the vitriolic or marine acids, not only Quantities of 
exhibits the plumbago contained in iron, but likewiſe 1 
poſſeſſes the advantage of ſhewing the ſtate of its ae 
reduction by the quantity of inflammable air which is of iron. 
diſengaged : for whether this aerial fluid be ſupplied 
by the phlogiſton of the iron, or from the decom- 
poſed water, it is agreed on all hands that its quan- 
tity, in like circumſtances, is proportional to that of 
the iron which is converted into calx. There are con- 
Gderable differences between the various produQs of 
the ſmelting furnace in theſe reſpects; but it is found 
that the white crude iron affords” the leaſt quantity of 
inflammable air in proportion to its bulk, and leaves 
3 moderate portion of- plumbago; the grey crude 
iron affords more inflammable air, and more plum- 
bago, than the white; and the ſofteſt bar iron affords 
molt inflammable air of any, and little or no plum- 
bago. The quantities of inflammable air“, at a me- 
dium, by ounce meaſures, were 62, afforded by 100 
grains of the white crude iron; 71 by the grey crude 
iron; and 77 by the malleable iron. 

Hence it may be inferred that, in the white crude Degrees of re- 
iron, the proceſſes of reduction and cementation are — 11 rg 
both carried to a leſs extent than in the grey crude iron. 


iron, which is produced by means of a ſtronger heat, 


* Acad. Par. 1786, pages 166, 167. The numbers in the text are 
given as a rough meaſure ; for, in fact, there can be nq medium. 
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PLUMBAGO, OR "BLACK LEAD. 


excited with a larger quantity of fuel : and that the re. 


auction of grey crude iron is ſtill leſs perfect than 


Iaaccuracies. 


Plumbago. 


Characters of 
plumbago. 


that of the ſoft bar iron; though this laſt, by the 
refining in an open veſſel, is ſo far from being more 
cemented, that it ſcarcely contains any plumbago 
at all. N | 

It muſt be admitted, however, that the ſolution in 
acids ſerves only to ſupport theſe general concluſions, 
in conjunction with the facts obſerved in the dry pro. 
ceſſes; but cannot accurately ſhew either the quan- 
tities of inflammable air or plumbago afforded by the 
ſeveral kinds of iron. For the plumbago, as it be- 
comes diſengaged, floats on the top of the vitriolic 
acid; where it gradually diſappears, though inſoluble 
in that acid. It muſt therefore be taken up by the 
inflammable air; and it is found that the volume of 
this air is diminiſhed by the abſorption. Hence there 
is a double ſource of inaccuracy from the loſs of plum- 
bago, and the contraction of the inflammable air. 

As plumbago appears to be a compound of iron and 
combuſtible. matter, and as the properties and effects 
of iron, in its various ſtates, cannot be well underſtood 


without a reference to thoſe of this ſubſtance, it will 


be expedient to give an account of it in this place, in- 
ſtead of referring it to the next ſeCtion. | 
Plumbago, or black lead, is a well-known ſubſtance, 
of a black colour, and ſhining appearance, when cut. 
Its texture is rather ſcaly ; but its fracture exhibits a 
granular and dull appearance. None of the ſpecimens 
have any conſiderable hardneſs. This mineral is found 
in England, Germany, France, Spain, and Africa; but 


the 


ens 
nd 
but 


rior kind of pencils is made by the Jews, by mixing 
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the ſort beſt adapted for making pencils comes chiefly 10x. 
from Borrowdale in Cumberland. For this purpoſe, 
it is carefully ſawed into narrow ſlips, or pieces, not 
more than one-tenth of an inch thick; which are glued 
between two half cylinders of cedar wood. An infe- 


the powder or ſaw-duſt with gum arabic, or fuſing it 
with reſin or ſulphur ; and preſſing or pouring it into 
the cavities of reeds, The powder of plumbago; with 
three times its weight of clay, and ſome hair, make, 
an excellent coating for retorts; and the black lead or 
Heſhan crucibles are compoſed of the ſame materials. 
Plumbago is not ſubjeCt to alteration by expoſure to Habitudes. 
the action of air or water; and it is inſoluble in acids. 
In cloſed veſſels it is either entirely, or nearly, unal- 
terable by the ſtrong heat of a furnace; but by con- 
tinued ignition, and occaſional ſtirring in a ſhallow 
veſſel, under a muffle, it is gradually diſſipated, or 
burned, leaving a reſidue of calx of iron, of about 
one-tenth of the original weight. It detonates with 
nitre in a red heat; ten parts of this ſalt are required 
to one of plumbago before the whole will be decom- 
poſed, and exhibit po reſidue of plumbago when the 
alkali is diſſolved in water. The aerial product of this Experiments 
detonation is found to conſiſt of a mixture of one-third eee coho 
fixed air; and the reſt air which maintains combuſ- — ori of 
tion: the alkali contains fixed air; and ſome of the 
nitre is driven up by the heat. In order to ſhew that 
the fixed air came from the plumbago, and not . 


from the nitre, the firſt analyſer * of this ſubſtance 


Scheele. See his Eſſays, Eng. tranſ. Eſſay xiii. 
2 2 detonated 
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Iron detonated tin, antimony, and ſulphur, reſpectively, 
t—_—— with nitre, and obtained no fixed air: and, ftill more 
to place the inference beyond a doubt, he expoſed 
plumbago to diſtillation, with twice its weight of dry 
acid of arſenic : the acid was reduced to the ſtate of 
white calx and ſublimed; and pure fixed air came 
over. Similar reſults were had with the calces of 
mercury and lead ; the metals were revived, and fixed 
air was expelled. When pulverized plumbago was 
4 diſtilled with cauſtic fixed alkali by a ſtrong heat, the 
1 volatile product was inflammable air; and che re- 
maining alkali contained fixed air. 
Phlogiſtic the- From theſe, and other facts, he concluded, that 
1 yy. plumbago is a compound of phlogiſton and fixed air, 
with a little iron, which he ſuppoſed to be accidental, 
The exiſtence of the phlogiſton was judged to be 
proved by its detonation with nitre, as well as by the 
revival of the acid of arſenic and the metallic calces, 
and the extrication of inflammable air by alkali : he 
inferred the quantity of phlogiſton in this ſubſtance to 
be twice as much as in charcoal; becaufe it requires 
twice the quantity of nitre for its detonation. The 
preſence of fixed air was deduced from the atrial 
14 products in all the diſtillations but the laſt; and from 
10 the mild ſtate of the alkalis, in thoſe trials wherein 
RI they were uſed. | 
11 Antipttozitic The antiphlogiſtic philoſophers “ conſider plumbaga 
10 4 of Plam- 28 a compound of iron and the acidifiable baſe of 
l fixed air, which they call carbone, becauſe it exiſts 
moſt abundantly in charcoal. The difficulty of burn- 


2 


* Acad, Par, 1785, pag. 132, et ſeq, 


PLUMBAGO. 


Ing or decompoſing it, is conſidered as a conſequence ox. 
of the combination of its parts, which are leſs diſpoſed A — 


to unite with vital air, than cither would be if alone. 
The ſame difficulty accounts for the large proportion 
of nitre required to deflagrate with it completely; a 
quantity required, not becauſe there is much combuſ- 
tible matter to be burned, bur becauſe a long conti- 
nued and elevated heat is neceſſary; by which means 
much of the nitre is decompoſed, and its vital air flies 
off, without having been employed in the combuſtion, 
as appears by the two thirds of the elaſtié product, 
which will ſapport the flame of a candle. The other 
facts are eaſily adapted to this theory. By detonation 
with nitre it affords fixed air, becauſe the combuſtible 
baſe is acidified by ghe vital air of the nitre. The arſe- 
nical acid, and metallic calces, are reduced by the ab- 
ſtraction of the vital air they contain; which vital air, 
combining with the acidifiable baſe contained in the 
plumbago, converts it into the fixed air, or acid, which 
flies off: And, laſtly, in the diſtillation of plumbago 
with humid alkali, a decompoſition of the water takes 


place: its inflammable air flying of; and its vital air, 


combining with the acidifiable baſe, as before, forms 
fixed air, which unites with the alkali, and renders it 
mild, 


The chief difference in the matter of fact between ReſemMance 


theſe theoriſts appears to conſiſt in the iron; which 1 <p 


the latter conſider as a neceſſary part of the combina. fites. 


tion; by means of which they account for its difficult 


combuſtibility. Since plumbago does really contain 


iron, it may be conſidered as a compound of a ſimilar 
nature to the martial pyrites. Thus in the pyrites iron 
Z 3 | is 
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IRON. is united to ſulphur z which the phlogiſtian philoſo- 
* phers aſſert to be a compound of vitriolic acid (or its 
baſe) and phlogiſton, while their opponents take the 
ſulphur to be a ſimple ſubſtance, capable of acidification 
by the addition of vital air: and ſo likewiſe plumbago is 
a compound of iron, united to another ſubſtance; which 
the phlogiſtians aſſert to be fixed air, combined with 
phlogiſton ; at the ſame time that the other party, re- 
" JeCting the inflammable principle, affirm that it is 
the ſimple acidifiable baſe, which will form fixed 
air when vital air is added to it. We ſee therefore 
that it is the explanation, and not the facts, which 

forms the object of contention. 
Recapitulation Since crude iron, then, contains the baſe of fixed air 
aa 1 in combination, of which it may be deprived by heat 
ſtates of iron. ith acceſs of vital air, which converts it into the acid 
ſtate; and ſince it again recovers that baſe by cemen- 
tation with charcoal, there can be no doubt but the 
plumbago is afforded by the fuel, it being highly pro- 
bable that iron is neceſſary to its ſeparate exiſtence. 
It appears alſo that the reduction of the metallic calx 
takes place firſt at a lower temperature; and that the 
combination of the baſe of fixed air follows at a greater 
Refining. heat. Whence, in the refining of iron, the plumbago 
is firſt burned, and the iron remains reduced; and, in 
Cementation, the cementation of bar iron, the metal is converted 
into ſteel, with bliſters on its ſurface ; which moſt 
probably ariſe from fixed air formed by the vital air of 
ſome portions of unreduced calx, uniting with the 
acidifiable baſe from the charcoal. And, laſtly, as iron 
holds this acidihable baſe, or phlogiſticated acid, in 


ſolution, ſo likewiſe it may not be ſeparable from this 
| | me- 
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metallic ſolvent, without carrying a portion with it; in. tax. 
the ſame manner as ſalts, which cryſtallize in water, damn, 1-5 
always take up part of the ſolvent in the formation of 
their cryſtals, 
It would require many volumes to enumerate the Uſes of iron. 
leading uſes of iron. 'This moſt valuable of metals is 
applied to ſo many and ſuch important uſes, that we 
cannot look round us without ſeeing its effects. When 
we contemplate the innumerable effects of human in- 
duſtry, and aſk ourſelves the fimple queſtion, could 
this have been done without iron? there is not a ſingle 
inſtance which will not immediately ſhew its value. 
It is indeed difficult to form a notion, how civilized 
ſociety could exiſt without it. 


2 4 HAP. 


TIN. 


CHAP. VIII. 


CONCERNING TIN. 


IN is a metal of a yellowiſh white colour, con- 
if eee ſiderably harder than lead, ſcarcely at all ſono- 

if tin. rous, very malleable, though not very tenacious. Wires 
1 cannot be made of it; but, under the hammer, it is 
| extended into leaves called tin-foil, which are about 
| one-thouſandth of an inch thick; and might eaſily 
be beaten to leſs than half that thickneſs, if the pur- 
poſes of trade required it. The proceſs for making 
| tin-foil conſiſts ſimply in hammering out a number of 
1 plates of this metal, laid together upon a ſmooth block, 
| or plate of iron. The ſmalleſt ſheets are the thinneſt, 
Its ſpecific gravity is leſs than that of any other malle- 
able metal. Long before ignition, it melts at about 
the 410th degree of Fahrenheit's thermometer; and, 
5 by a continuance of the heat, it is ſlowly converted into 
is a white powder by calcination. Like lead, it is brittle 


lt when heated almoſt to fuſion ; and exhibits a grained 
| 4 | or fibrous texture, if broken by the blow of a hammer ; 
. | it may alſo be granulated by agitation at the time of 
its tranſition from the fluid to the ſolid ſtate. The 
A calx of tin reſiſts fuſion more ſtrongly than that of any 
. other metal; from which property, it is uſeful to 


form an opake white enamel, when mixed with pure 
glaſs in fuſion. The brightneſs of its ſurface, when 


ſcraped, ſoon goes off by expoſure to the air; but it 
is 
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is not ſubject to ruſt, or corroſion, by expoſure to the 
weather. | 


— mn D 


Concentrated vitriolic acid, aſſiſted by heat, diſſolves Solution of tin 


half its weight of tin, at the ſame time that vitriolic 
acid air eſcapes in great plenty. By the addition of 
water a calx of tin is precipitated. Vitriolic acid, 
ſlightly diluted, likewiſe acts upon this metal; but if 
much water be preſent, the ſolution does not take 
place. In the vitriolic ſolution of tin there is an 
actual formation, or extrication, of ſulphur, which 
renders the fluid of a brown colour whilſt it conti- 
nues heated, but ſubſides by cooling. The tin is 
likewiſe precipitated in the form of a white calx by 
a continuance of the heat, or by long ſtanding with- 
out heat. This ſolution affords needle-formed cryſtals 
by cooling. | 


in vitriolic acid: 


Nitrous acid and tin combine together very rapidly, in nitrous 
without the aſſiſtance of heat. Moſt of the metal **< 


falls down in the form of a white calx, extremely diffi- 
cult of reduction; and the ſmall portion of tin which 
remains ſuſpended, does not. afford cryſtals, but falls 
down, for the moſt part, upon the application of heats 
to inſpiſſate the fluid. The ſtrong action of the ni- 
trous acid upon tin produces a ſingular phenomenon, 
which is happily accounted for by the modern difco- 


veries in chemiſtry. Mr. De Morveau * has obſerved Singular effect. 


that, in a ſolution of tin by the nitrous acid, no elaſtic 
fluid was diſengaged ; but that volatile alkali was 
formed. This alkali muſt have been produced by 
the phlogiſticated air of that part of the nitrous acid 


* Kirwan on Phlogiſton, zd edition, p. 234. 
which 
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Volatile alkali 
produced from 
nitrous acid, &c. 


in dephlogiſ- 
ticated marine 
acid: 


in aqua regia. 
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which was employed in affording pure air to calcine 
the tin. The phlogiſticated air muſt therefore have 
combined with inflammable air: but whether this in- 
flammable air was afforded by a decompoſition of the 
water of the menſtruum, or whether it came from the 
phlogiſton of the tin, is a queſtion that muſt remain 
undetermined until decifive experiments have been 
made for the eſtabliſhment of one or the other of 
the two theories, which at preſent divide the chemical 
world. | 


Solution of tin The marine acid diſſolves tin very readily, at the 
iu marine acid: 


ſame time that it becomes of a darker colour, and 
ceaſes to emit fumes. A ſlight eſſerveſcence takes 
place with the diſengagement of a fetid inflammable 
gas. Marine acid ſuſpends half its weight of tin, and 
does not let it fall by repoſe. It affords permanent 
cryſtals by evaporation. If the tin contain arſenic, it 
remains undiſſolved at the bottom of the fluid. 
Dephlogiſticated marine acid difſolves tin very rea- 
dily, and without ſenfible efferveſcence. The ſolution 
itſelf does not appear to differ from the foregoing. 
Aqua regia, conſiſting of two parts nitrous and one 
marine acid, combines with tin with efferveſcence, and 
the development of much heat. In order to obtain a 
permanent ſolution of tin in this acid, it is neceſſary 
to add the metal by ſmall portions at a time; ſo that 
the one portion may be entirely diſſolved before tlie 
next piece is added. Aqua regia, in this manner, diſ- 
ſolves half its weight of tin. The ſolution is of a red- 
diſh brown, and in many inſtances aſſumes the form of 
a concrete gelatinous ſubſtance. The addition of 


water ſometimes produces the concrete form in this 
9 ſolution, 
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ſolution, which is then of an opal colour, on account 
of the calx of tin diffuſed through its ſubſtance. The 


lution of tin in aqua regia ſeems to depend upon the 
want of a ſufficient degree of accuracy in aſcertaining 
the ſpecific gravities of the two acids which are mixed; 
the quantities of each, and of the tin, together with 
that of the water added. It is probable that the ſpon- 
taneous aſſumption of the concrete {tate depends upon 
water imbibed from the atmoſphere. The ſolution of 
tin in aqua regia is uſed by dyers to heighten the colours 
of cochineal, gum lac, and ſome other red tinctures, 
from crimſon to a bright ſcarlet, in the dyeing of 
woollens. 


M. Hermſtzdt has ſucceeded in the actual acidifi- Acid of tin. 


cation of this metal, by treating it with the marine and 
nitrous acids. He diſſolves pure tin in pure marine 
acid, and boils this ſolution with nitrous acid (diſtilled 
from manganeſe) until the red vapours ceaſe to appear. 
The fluid, which is then limpid, is expoſed to diſtil- 
lation until the whole of the marine and nitrous acids 
have been diſſipated. The white remaining maſs is 
ſoluble in three parts of water, and is the acid of tin. 
A red heat converts this matter into a yellow tranſ- 
parent ſubſtance, . neither acid nor ſoluble in water 
but it regains both properties by a few weeks expoſure 
to the air*. 

The acetous acid ſcarcely acts upon tin. The ope- 
ration of other acids upon this metal has been little 


inquired into. 


* Journal de Phyf. xxxv. 391. Nov. 1789. 


When 


þ : : Solution of tin 
uncertainty attending theſe experiments with the ſo- in aqua regia: 
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TIN. When equal parts of an amalgam of tin and mer- 
The faming cury, and of corroſive ſublimate, are triturated toge- 
—_ of Liba- ther, and the mixture expoſed to diſtillation in a retort, 

by a very gentle heat; a colourleſs fluid firſt comes 
over, which is followed by a thick white fume, which 
becomes condenſed into a tranfparent liquor, called 
the fuming liquor of Lnbavius, on account of the 
copious fumes it emits when the veſſel that contains 
it is opened. On account of the conſiderable volatility 
of this liquid, it riſes, partly in the form of flowers, 
to the top of the bottle in which it is put; ſo that, 
in the courſe of ſeveral months, it becomes entirely 
cloſed. The compoſition and effects of this liquid 
were but imperfectly known until lately, when Mr. 
Adet's exami- Adet made ſeveral ingenious experiments upon it. By 
a wn expoſing this liquid under receivers containing dry 
of Libavius. air, over mercury, he found that the volatile fluid 
aroſe, and lined the veſſel with cryſtals, when water 
was preſent; though very few cryſtals were formed 
when the air was as dry as it could be made. He 
obſerved likewiſe, that when water was added to the 
fuming liquor of Libavius, it became ſolid, and ceaſed 
to emit fumes. A preciſe quantity of water is re- 
quired to produce this eſſect in the moſt perfect man- 
ner. If the quantity of water be too ſmall, the liquor 
retains more or leſs of its diſpoſition for the fluid ſtate; 
and if it be too conſiderable, the fluidity of the water 
prevails. By ſeveral trials he found that the due pro- 
portion of water to be added to the fuming liquor of 
Libavius was as 7 to 22. A kind of ebullition, or 
eſcape of bubbles, was produced during the combina- 
tion; which, on examination, was found to ariſe from 


the 


OF LIBAVIUS. 


the eſcape of the air previouſly contained in the fluid ri. 


water. He found likewiſe that this concrete ſub- 
ſtance, when rendered fluid by an increaſe of tempe- 


diſengagement of inflammable air. After the concrete 
ſubſtance was ſaturated with tin, it could no longer be 
ſublimed, but might be made to undergo a red heat; 
during which time there was an eſcape of vapours, con- 


ſiſting of tin combined with the marine acid; and, after 


a ſtrong heat, the reſidue was a white calx of tin. It 
appeared therefore that the liquor of Libavius, ren- 
dered concrete by water, and ſaturated with tin, re- 
ſembles in its properties the common ſolution of tin 
in the marine acid, 

From theſe circumſtances, Mr. Adet concludes that 
the tin, by ſtronger affinity, combines with the atrated 
or dephlogiſticated marine acid of the corroſive ſubli- 
mate with which it is heated; that this combination 


contains no water; and that, as it abounds with a ſub- 


{tance of ſuch extreme volatility as that atrated acid, 
its freezing point is very low, inſomuch that it is habi- 
tually fluid ; that the addition of water, in a due pro- 


portion, alters the freezing point, and renders it con - 


crete at a common temperature; and, laſtly, that the 
ſtate of the marine acid in this ſubſtance is that which 
is called aerated, or dephlogiſticated; which is proved, 
as well from the experiments which aſcertain that ſtate 
in corroſive ſublimate, as from fimilar experiments 
with the fuming liquor, which, as has been obſer- 
ved, is capable of diſſolving more tin without diſ- 
engaging inflammable air. The fuming liquor of 
Libavius has therefore the ſame relation to the com- 

mon 


— — 
Adet's exami- 


n 6 ; : fuming liquor 
rature, was capable of diſſolving more tin, without the of Libavius. 
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TIN. © mon ſolution of tin as corroſive ſublimate has to ca- 
—— lomel*. 

The reſidue, after the diſtillation by which the fum- 

ing liquor of Libavius is produced, conſiſts of tin com- 

bed with the marine acid, calomel, and running mer- 

cury, which fublime into the roof and neck of the 

retort; and at the bottom is found an amalgam of mer- 

cury and tin, covered with a ſaline combination of 

marine acid with tin, and ſuch other metals as the tin 

may have been adulterated with. Much information 

may be derived from the foregoing experiments of Mr. 

Adet reſpecting the phenomena produced when tin is 


| 6 | diſſolved in aqua regia. 

"784 Habitudes of Earthy ſubſtances do not appear to affect this metal 
r tin, with earths. : p R 
1 and neutral in the dry way. It detonates very rapidly with nitre, 
þ ſalts : and becomes converted into a calx, which partly com- 
l U bines with the alkali. All the vitriolic ſalts are de- 


compoſed by tin. The tin becomes calcined, and the 
vitriolic acid converted into ſulphur, either by the 
phlogiſton of the metal, according to the ancient 
theory; or by the ſubtraction of its vital air, accord - 
ing to the modern theory. This ſulphur appears to 
combine with the alkali, or earth of the ſalt, with 
which it forms an hepar that diſſolves - part of the 
0 calx. 

14 —with ſal am- Sal ammoniac is very readily decompoſed by tin. 
14 8 hg Alkaline and inflammable air are diſengaged; and a 
conerete marine ſalt remains behind, which, in ſome 
meaſure, reſembles the fuming liquor of Libavius. 
The volatile alkali, or alkaline air, which eſcapes, is 
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Annales de Chimie, i. 1, &c. 
diſen- 


a 


ſen- 


WITH SULPHUR, ETC. 


diſengaged by virtue of the ſuperior affinity of the calx 
of tin with the marine acid, at the temperature of the 
experiment. The inflammable air, which likewiſe flies 
off, is a conſequence of the calcination of the tinz and 
will be derived cither from the phlogiſton of the tin, 
or the decompoſition of the water, according to the 


- theory which may be applied in the explanation. Not- 


withſtanding the facility with which this metal decom- 
poſes ſal ammoniac, there is an inconvenience reſult- 
ing from its uſe, which depends on the great fuſibility 
of this metal; in conſequence of which, it cannot be 
intimately mixed with the ſal ammoniac, but remains 
at the bottom of the veſſel in the fluid ſtate; while part 
of the ſal ammoniac eludes its action, and is ſublimed 
entire. 


with the nitrous acid be groſsly powdered, moiſtened 


TIN, 
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If the cryſtals of the ſaline combination of copper spontaneom 
decompoſition 
and inflamma- 


and rolled up in tin: foil, the ſalt deliqueſces, nitrous — of metallic 


fumes are emitted, the maſs becomes hot, and ſud- 

enly takes fire. In this experiment“ the rapid tranſi- 
tion of the nitrous acid to the tin is ſuppoſed to pro- 
duce or develop heat enough to ſet fire to the nitrous 
ſalts; but by what particular changes of capacity, has 
not been ſhewn, 


If ſulphur, in powder, be added to about five times Combination of 


its weight of melted tin, the two ſubſtances combine, 
and form a black compound, which takes fire, and is 
much leſs eaſily fuſed than the tin itſelf. The maſs is 
brittle, and of a needled texture. | 


tin with ſul. 


The combination of tin and ſulphur, called aurum Aurum muſi- 


vum. 


Of Dr. Higgins. Philoſ. Tranſ. Iziii. p. 137. 
muſivum, 


- = — —- A. — » * — — — — 
Ce — . —_ — 2 — 


— — 
_— 


+ 
* 
[1 
l 1 
£ 
1 
: 
: 


352 
TIN. 


— — 
Aurum muſi- 
vum. 


COMBINATIONS OF TIN. 


muſivum, is thus made: Melt twelve ounces of tin, 
and add to it three ounces of mercury; triturate this 
amalgam with ſeven ounces of ſulphur, and three of 
fal ammoniac. Put the powder into a matraſs, bedded 
rather deep in ſand, and keep it for ſeveral hours in 


a gentle heat; which is afterwards to be raiſed, and 


continued for ſeveral hours longer. If the heat has 
been moderate, and not continued too long, the 


golden-coloured ſcaly porous maſs, called aurum mu- 
fivum, will be found at the bottom of the veſſel ; but, 


if it has been too ſtrong, the aurum muſivum fuſes to 


2 black maſs of a ſtriated texture. This proceſs is 
thus explained : As the heat increaſes, the tin, by 
ſtronger affinity, ſeizes, and combines with, the ma- 


- Tine acid of the ſal ammoniac ; while the alkali of 


that ſalt, combining with a portion of the ſulphur, flies 
off in the form of an hepar. The combination of tin 
and marine acid ſublimes, and is found adhering to 
the ſides of the matraſs. The mercury, which ſerved 
to divide the tin, combines with part of the ſulphur, 
and forms cinnabar, which alſo ſublimes and the re- 
maining ſulphur, with the remaining tin, forms the 
aurum muſivum, which occupies the lower part of the 
veſſel. It muſt be admitted, however, that this expla- 
nation does not indicate the reaſons why ſuch an in- 
direct and complicated proceſs ſhould be required to 
form a ſimple combination of tin and ſulphur. 


combination of When tin is heated with phoſphoric acid and char- 


tin with phoſ- 


phorus. 


coal, the metal appears to be very little changed. A 
combination, however, ſeems to take place; for the 
phoſphorus burns on the ſurface of the metal when 


heated by the blow-pipe, 
Tin 


METALLIC MIXTURES. 


Tin unites with biſmuth by fuſion ; and becomes 
harder and more brittle, in proportion to the quan- 
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— nnd 
Metallic mix- 


tity of ſemi-metal added. With nickel it forms atures. 


white brilliant maſs. It cannot eaſily be united in 
the direct way with arſenic, on account of the vola- 
tility of this ſemi-metal ; but, by heating it with the 
combination of the arſenical acid and vegetable al- 
kali, the ſalt is partly decompoſed ; and the tin, com- 
bining with the acid, becomes converted into a bril- 
liant brittle compound, - of a plated texture. It is 


thought that all tin contains arſenic ; - and that the 


crackling noiſe which is heard upon bending pieces 
of tin is produced by this impurity. Cobalt unites 
with tin by fuſion; and forms a grained mixture, of 
a colour ſlightly inclining to violet. Zinc unites 
very well with tin, increaſing its hardneſs, and dimi- 
niſhing its duCtility, in proportion as the quantity of 
zinc is greater. This is one of the principal additions 
uſed in making pewter, which conſiſts, for the moſt 
part, of tin. The beſt pewter does not contain above 


one-twentieth part of admixture, which confiſts o 


zinc, copper, biſmuth, or ſuch other metallic ſub- 
ſtances as experience has ſhewn to be moſt conducive 
ta the improvement of its hardneſs and colour. The 
inferior forts of pewter, more eſpecially thofe uſed 
abroad, contain much lead, have a blueiſh colour, and 
are ſoft. The tin uſually met with in commerce in 
this country has no admixture to impair its purity, 
except ſuch as may accidentally elude the workmen at 


the mines. But the tin met with in foreign countries Miſtake of fo- 
reigners re- 
ſpecting Eng- 


is ſo much debaſed by the dealers in that article, eſpe- 


Pewter. 


cially the Dutch, that pewter and tin are conſidered lich tin. 


Aa abroad 


2354 ORES OF TIN. 


TIS abroad as the ſame ſubſtance. Regulus of antimon 
1 forms a very brittle, hard, mixture with tin; the ſpe- 
cific gravity of which is leſs than would have been 
deduced by computation from the ſpecific gravitics 
and quantities of each, ſeparately taken. Wolfram, 
fuſed with twice its weight of tin, affords a brown 
| ſpungy calx, which is ſomewhat duQile. 
1 Native tin. Tin is ſcarcely ever found native. Native tin may 
= * — 0h be analyſed, in the moiſt way, by the application of 
7 nitrous acid, which calcines the tin, and diſſolves the 
other metals it may contain. One hundred and forty 
| grains of the waſhed and dried calx are equivalent to 
id | one hundred grains of metallic tin. The metallic ad- 
mixtures may be ſeparated from the nitrous acid by 
methods adapted to their reſpective properties; which 
may be eafily gathered from what has already been 
obſerved in the humid analyſ s of che metals before 
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treated of. 
Calciform ores The calciform ores of tin are—tin ſpar, which is 
of tin. 0 : aaa Ds p . 

generally of a whitiſh or grey colour, ſometimes green- 


iſh or yellowiſh, ſemi-tranſparent, and cryſtallized in 
a pyramidical form, or irregularly—opake brown or 
black tin ore, cryſtallized, and embodied in quartz, 
fluor, or mica, or mixed with white and yellow py- 
rites; theſe ores contain a mixture of iron — the reddiſh 
yellow, or garnet ore, which contains more of iron 
than of tin—and the tin ſtone, vulgarly called load- 
ſtones, which contain {till leſs tin. 

1 Tin ores con- It was formerly ſuppoſed that tin was frequently 

N taining arſenic; 8 8 = FAR 7 ; 

15 | mineralized by arſenic ; but it is now admitted that 

the arſenic, which may be contained in tin, is afforded 


by the matrix. I he _— of e tin ores 
was 


we \ and ſulphur. 


ANALYSIS OF TIN ORES. 


was likewiſe conſidered, till lately, as a very ſingular 
fact, on account of the facility with which that ſub- 
ſtance unites to tin: ſuch combinations, however, 
have ſince been found, The native aurum muſivum, 
from Siberia, is of this kind : and a very conſiderable 
vein of tin in combination with ſulphur, and an ad- 
mixture of copper and iron, has been found in Corn- 
wall *, The analyſis of tin ores in the humid way 
is an object of ſome difliculty z becauſe they are not 
ated upon effeCtually either by the vitriohc, nitrous, 
or marine acids, or by aqua regia, The method of 
Bergman is as follows: The ore muſt be reduced to 
a very ſubtile powder by levigation and elutriation. - 


This laſt proceſs conſiſts in agitating any powder in Proceſs of elu- 
water, which is heavy enough to fink in that fluid. feribed and 
The particles will be reſiſted in their deſcent, accord- * Planed. 


ing to the ſurfaces they oppoſe againſt the fluid. It is 
ſcarcely neceſſary to obſerve, that a larger body pre- 
ſents a leſs ſurface to be reliſted, than the ſame body 
would oppoſe if it were divided into parts. For this. 
reaſon, when a powder, conſiſting of particles of the 
ſame denſity, but different magnitudes, is agitated in 
a lighter fluid, the largeſt pieces come firſt to the 
bottom : and hence the method of clutriation enables 
us to aſſort the various particles of a powder according 
to their magnitudes, by firlt agitating the fluid, and 
ſucceſſively decanting 1t into different veſſels. Thus, 
for example, if the water be decantedꝰ five ſeconds after 


che agitation, it will leave a powder behind it; if it 


* See Magellan's Cronſtedt, p. 637. The contents of 'one 
pecimen were. 3c parts fAphur, 41 fin, 43 copper, 2 iron, and 
ſtony matrix. 
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TIN» be again decanted, at the end of five ſeconds more, 
—— the ſecond veflel will contain a much finer powder 
than the foregoing ; and, by a third decantation, a ſtill 

more ſubtile powder will be obtained. This is the 

method applied in the preparation of the white calx 

Putty. of tin called putty, and uſed for poliſhing fine me- 
tallic ſpeculums, and the object lenſes of teleſcopes 

and in this way the tin ore, to be analyſed, may be 

reduced to a very ſubtile powder, by levigating and 

again waſhing the coarſe reſidue which ſubſides in 

the firſt veſſel. It may be obſerved, that the ſucceſſive 
decantations are unneceſſary where the very fineſt 

Analyfis of tin powder only is wanting; becauſe this may be as well 
2. hu- obtained by ſuffering the water to ſtand a ſufficient 
g time before it is decanted off at firſt. To the very 
1 ſubtile powder of tin ore thus afforded, a quantity of 
f concentrated vitriolic acid muſt be added, and kept in 
a ſtrong digeſting heat for ſeveral hours. A ſmall 
portion of concentrated marine acid mult be poured 
into this when cold. A ſtrong efferveſcence takes 
place, with conſiderable heat, and the eſcape of marine 
acid air, which has been deprived of its water by the 
vitriolic acid. After the expiration of an hour or 
two, ſome water muſt be added, and the clear liquor 
decanted. 'The ſame operation muſt be repeated with 
the reſiduum, until the acids can diſſolve no more: 
and nothing will then remain but the ſtony matrix. 
The ſolution, when precipitated by means of mild 
| alkali; will afford 100 grains of metallic tin for each 
132 grains of precipitate, when waſhed and dried 
If the precipitate do not conſiſt of pure tin, but con- 
tain copper or iron, it muſt be calcined for an hour 
in 
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REDUCTION OF TIN. 


in a red heat; then digeſted in nitrous acid, which 
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TIN, 


will take up the copper; and afterwards in marine 


acid, which will diſſolve the iron. 


In the dry way, after pulverization, and ſeparation —in the dry 
| way. 


of the ſtony matter by waſhing, the tin ores may be 


haſtily fuſed with twice their weight of a mixture of 


pitch and calcined borax, in a crucible lined with 
charcoal, and covered; or the ore may be mixed 
with twice its weight of tartar, one part of black 


flux, and half a part of reſin. This mixture being 


then divided into three parts, each part muſt be ſuc- 
ceſſively projected into a crucible ignited to white- 
neſs, which muſt be immediately covered as ſoon as 
the portion thrown in ceaſes to flame. 

The operation of reducing tin ores in the large 


impure, they are cleanſed from foreign admixtures, by 
ſorting, pounding, and waſhing. A flight previous 
roaſting renders the ſtony parts more friable ; and, 
when arſenic is contained in the matrix, it is driven 
off by a ſtrong heat, continued for a ſtiort time; the 
ore being frequently ſtirred, to prevent its running to- 
gether by fuſion. In the ſmelting of the ore, care is 
taken to add a larger quantity of fuel than is uſual in 


the reviving of other metals; and to avoid a greater 


heat than is neceſſary to reduce the ore, in order that 
the loſs by calcination may be prevented as much as 
polſible. 


Reduction of 


tin in the large 
way, is conducted upon ſimilar principles. When way. 


Tin is a metal which, as far as our preſent infor- Countries 


found in Bohemia and Saxony, and on the iſland of 
Malacca in the Eaſt-Indies. But the largeſt quanti- 
" & % BY ties, 


. Which afford 
mation extends, is not very much diffuſed. It is nay 
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USES OF TIN. 


ties, at leaſt for the European conſumption, are found 


A — in England, particularly in the county of Cornwall. 


Uſes. 


This iſland has been famous for its tin mines from 
the remoteſt periods of hiſtory ; and would not, pro- 
bably, have been frequented by the ancient Phoenician 
navigators, if they had not been attracted hither by 
the great plenty of tin with which it abounds. Se- 
veral etymologiſts have endeavoured to ſhew that the 
name of Britain is derived from a word common to 
the Syrian and Chaldean languages, denoting tin ; but 
on this no great ſtreſs can be laid. 

The uſes of tin are very numerous, and ſo well 
known, that they ſcarcely need be pointed out. Seve- 
ral of them have already been mentioned. The tin- 
ning of iron and copper, the filvering of looking- 
glaſſes, and the fabrication of a great variety of veſſels 
and utenſils for domeſtic and other uſes, are among 
the advantages derived from this metal. 
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BISMUTH- 


CHAP. IX: 


CONCERNING BISMUTH- 
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reddiſh- white colour, little ſubject to change 


even reduced to powder by the hammer. The inter- 
nal face, or place of ftacture, exhibits large ſhining 
plates, diſpoſed in a variety of poſitions : thin pieces 
are conſiderably ſonorous. At a temperature not 
exceeding. the 360th degree of Fahrenheit it melts ; 
and its ſurface becomes covered with a greeniſh, 


grey, or brown calx. A ſtronger. heat ignites it, | 


and cauſes it to burn with a ſmall blue flame; at the 
* ſame time that a yellowiſh calx, known by the name 
of flowers of biſmuth, is driven up. This calx ap- 
pears to riſe in conſequence of the combůſtion 3 
for it is very fixed, and runs into a greeniſh glaſs 
when expoſed to heat alone. Biſmuth, urged by a 
ſtrong heat, in a cloſed veſſel, ſublimes entire. This 
ſemi-metal cryſtallizes very diſtinctly, when gradually 
cooled. 
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ISMUTH is a ſemi-metal, of a yellowiſh or nismuru. 
— nnd 
Characters of 
in the air. It is ſomewhat harder than lead, and is biſmuth, 


ſcarcely, if at all, malleable z being eaſily broken, and 


The vitriolic acid has a ſlight action upon biſmuth, ARtion of vi- 
when it is concentrated; and boiling.  Vitriolic acid © — 


air is exhaled, and part of the biſmuth is converted into 
a white calx. A ſmall portion combines with the vi- 
triolic acid, and affords a deliqueſcent falt in the form 
of ſmall needles. 

A a4 The 
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BISMUTH» The nitrous acid attacks biſmuth with the greateſt 
5 rapidity and violence; at the ſame time that much 
trous acid. heat is extricated, and a large quantity of nitrous air 

eſcapes. The ſolution, when ſaturated, affords cryſtals 
as it cools; the ſalt detonates weakly, and leaves a 
yellow calx behind, which effloreſces in the air. Upon 
diſſolving this ſalt in water, it renders that fluid 
of a milky white, and lets fall a calx of the ſame 
colour. 
White calx, or The nitrous ſolution of biſmuth exhibits the ſame 
magiſtery of property when diluted with water; moſt of the metal 
falling down in the form of a white calx, called 
magiſtery of biſmuth. This precipitation of the 
. nitrous ſolution, by the addition of water, is the 
criterion by which biſmuth is diſtinguiſhed from all 
other metals. The magiſtery, or calx, is a very 
white and ſubtile powder, when prepared by the 
addition of a large quantity of water : it is uſed as a 
paint for the complexion, and is thought gradually 
to impair the ſkin. The liberal uſe of any paint for 
ns, indeed, likely to do this; but there 
ſwkiſpet, from the reſemblance between the 
general pr erties of lead and biſmuth, that the calx 
of this ſemi- metal may be attended with noxious effects 
ſimilar to thoſe which the calces of lead are known to 
produce. 
Solution in The marine acid does not readily act upon biſmuth. 
marine acid. It is neceſſary that the acid ſhould be concentrated, 
and kept a long time in digeſtion upon it; or that it 
ſhould be diſtilled from the ſemi- metal. The reſidue 
when waſhed with water, affords a ſaline combina- 


tion, which does not eaſily cryſtallize, but may be 
7 \ub” 
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ſublimed in the form of a ſoft fuſible ſalt, called butter atsMDju . 


of biſmuth. The marine ſolution of biſmuth likewiſe 


affords a precipitate of calx by the addition of water. 
Marine acid ſeizes the calx of biſmuth, when added to 
its ſolution in nitrous acid; and forms a compound of 
ſparing ſolubility, which falls to the bottom. Alkalis 
likewiſe precipitate its calx z but not of ſo beautiful a 


white colour as that afforded by the affuſion of pure 


water. 


The effects of earths and alkalis upon biſmuth, in Mabitudes of 


the dry way, have been little attended to. Nitre cal- 


ammoniac is not decompoſed by biſmuth in the me- 
tallic ſtate, though its calx readily combines with the 
marine acid of that ſalt, and diſengages the volatile 
alkali. Sulphur unites with biſmuth by fuſion, and 
forms a bluciſh grey brilliant maſs, of a needle-ſormed 
texture. 


biſmuth witk 
earths, ſalts, 


eines it, with ſcarcely any perceptible detonation. Sal ſulphur: 


This ſemi-metal unites with moſt metallic ſub- —and metallic 


ſtances; and renders them, in general, mo die. 
When calcined with the imperfe& metals, I ſs 
diſſolves them, and produces the ſame e ead 
in cupellation; in which proceſs, it is even faid to be 
preferable to lead. 


Biſmuth is uſed in the compoſitions of pewter, in the Uſes. 


fabrication of printers types and in various other me- 
tallie mixtures. 


It is ſometimes found native, and may be analyſed, Native biſmuth 


in the humid way, by ſolution in nitrous acid, and pre- 
cipitation, by the addition of water; which throws 
down 113 grains of calx for every 100 of metallic 


biſmuth. It is likewiſe found in the calciform ſtate ; 
and 


and its ores. 
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nISMUTH. and mineralized by ſulphur, of a grey colour, reſem- 
———— bling galena, but heavier. Theſe ores may alſo be 
analyſed by nitrous acid, like the foregoing. 
Reduction of Biſmuth is eaſily ſeparable, in the dry way, from its 
biſmuth ores. , 1 1 2 
ores, on account of its great fuſibility. It is uſual, in 
the proceſſes at large, to throw the biſmuth ore into a 
fire of wood; beneath which a hole is made in the 
ground to receive the metal, and defend it from calci- 
nation. The ſame proceſs may be imitated in the 
ſmall way, in the examination of the ores of this me- 
tal; nothing more being neceſſary than to expole it to 
a moderate heat in a crucible, with a quantity of re- 
ducing flux; taking care, at the ſame time, to perform 
the operation as ſpeedily as poſlible, that the biſmutli 
may be neither calcined nor volatilized. 


CHAP, 


NICKEL. 


C HAP. X. 


CONCERNING NICK EL. 


IC KE is a reddiſh-white metallic ſubſtance, 


whence it has been ſuppoſed to contain iron in its 
pureſt ſtate. It is malleable, and is ſcarcely more 
fuſible than pure iron. Its calces are of a green 
colour. 
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NICKEL. 


of great hardneſs, and of an uniform texture; Ya... 
very difficult to be purified, and always magnetical, 


This metallic ſubſtance has not been applied to any Treatment of 


the ores of 


uſe: and the chief attention of thoſe chemiſts who gickel. 


have examined it has been directed to obtain it in a 
ſtate of purity; which, however, has not yet been 
accompliſhed. It is found either native or calciform ; 
but moſt commonly mineralized in combination with 
arſenic, ſulphur, cobalt, and iron, in the ore called 
kupfer nickel, or falſe copper. This is of a reddiſh 
yellow, or coppery colour ; of a texture either uniform, 


granular, or ſcaly ; bright in its fracture, and almoſt 


always covered with a green effloreſcence of calx. 
Moſt of the ſulphur and arſenic may be driven off by 
long-continued roaſting, and the occaſional. addition 
of charcoal, which prevents the arſenic from being 
rendered more fixed by calcination; and the green 
calx which remains may be fuſed by the ſtrongeſt heat 
of a ſmith's forge, together with two or three times its 


weight of black flux. The regulus thus obtained is 
of 
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NICKEL, of a reddiſh-white colour, and brittle ; but is very fat 

— from being pure. Repeated calcinations for many 

hours, and reduCtions, ſcarcely deprive the regulus of p 

iron; and it is ſtill highly magnetic, when purified to 

ſuch a degree as to poſſeſs conſiderable malleability, 

Combination with ſulphur, with liver of ſulphur, 

detonation with. nitre, and ſolution in the volatile 

alkali and vitriolic avid, did not deprive it of its 
magnetiſm. 

pureſt regulus When the regulus *, obtained by ſcorification and 

of nickel? reduction, was combined with ſulphur, and reduced 

again after the diſſipation of the ſulphur by ſtrong 

heat, and the addition of charcoal, to promote the 

volatility of the arſenical contents; and this proceſs 

was three times repeated; the reduced metal was fo 

infuſible, as not to run into a maſs by the ſtrongeſt 

heat of à ſmith's forge, continued for three quarters 

of an hour. Its colour was then whitiſh, mixed with 

a glittering kind of red; it was ſtrongly magnetical; 

of a ſpecific gravity of 8.65; and a globule of one line 

in diameter was extended by the hammer into a plate 

of upwards of three lines in diameter: ſo that it is, 

—is an entire properly ſpeaking, an entire metal, and not a fem! 

_ metal. It afforded a blue ſolution with the volatile 

alkaliz and in nitrous acid its ſolution was of a ful 


green. 
Action of vitri= Concentrated vitriolic acid acts upon the regulu: 
* of nickel, and corrodes it. The reſidue, after diſtilla- 


tion of the acid, is a greyiſh pcwder; part of which i. 
in the ſaline ſtate, and atiords green cryſtals by ſolu 
tion in water and evaporation. 


* Bergman 07 Nickel, in vol, ii. of his Eſſays, 


The 


OPINIONS RESPECTING NICK EL. 


The nitrous ſolution of this metal affords ſaline eryſ- 
tals. Alkalis precipitate it, and rediſſolve the preci- 
pitate. Nitre detonates with nickel in the dry way. 
Sulphur readily combines with it by fuſion, as does 
likewiſe arſenic ; and both adhere very pertinaciouſly 
to it, as has been already ſhewn. 


355 


NICKEL, 


Gt 


Nickel has been thought to be a modification of Whether 


iron. This concluſion is grounded chiefly on its mag- 
netiſm, and the conſideration of the very remarkable 
and different properties. iron is known to be capable 
of aſſuming, in its ſeveral ſtates. Others have ſup- 
poſed it to be an alloy of copper with various metallic 
admixtures. The blue colour it affords with volatile 
alkali, is the chief circumſtance which gave riſe to this 
opinion. But it has been very properly obſerved *, 
that many of the known metals would ſcarcely have 
endured more ſevere trials than this ſubſtance has un- 
dergone, without ſhewing indications, at leaſt as ſtrong, 


againſt the ſuppoſition of their being diſtin bodies, 


as any afforded by nickel; and conſequently, that ſo 
long as no one is able to produce this metal from pure 
iron or copper, and to explain in an intelligible way the 
proceſs by which it can be generated, we muſt conti- 
nue to regard it as a peculiar ſubſtance, poſſeſſing diſ- 
tint properties. The general opinions of chemiſts 
concur in admitting the force of this reaſoning. 


Bergman, Ji. 264. 


CHAP. 


nickel be truly 
a peculiar me- 


tal. 
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ARSFNIC, 
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Characters. 


White calx of 
arfenic : 


ARSENIC, 


CHAP. XI. 
CONCERNING ARSENIC. 


RSENIC in the metallic ſtate, or the regulus 
of arſenic, is of a bright yellowiſh white colour, 
ſubject to tarniſh, and-grow black, by expoſure to air, 
It is brittle, and when broken exhibits a laminated 
texture. In cloſe veſſels it ſublimes entire; but burns 
with a ſmall flame, if reſpirable air be preſent. 
The arſenic met with in commerce has the form of 
a white calx. It is brought chiefly from the cobalt 
works in Saxony, where zaffre is made. Cobalt ores 
contain much arſenic, which is driven off by long tor- 
refaction. The ore is thrown into a furnace reſem- 
bling a baker's oven, with a flue, or horizontal chim- 
ney, nearly two hundred yards long ; into which the 
fumes paſs, and are condenſed into a greyiſh or black- 
iſh powder. ' his is refined by a ſecond ſublimation 
in cloſe veſſels, with a little pot-aſh, to detain the im- 
purities. As the heat is conſiderable, it melts the 
ſublimed flowers into thoſe cryſtalline maſſes which are 
met with in commerce. | | | 


is in a fatine The calx of arſenic is ſo far in the ſaline ſtate, as to 


ſtate. 


Regnlus. 


be ſoluble in about eighty times its weight of water at 
the temperature of 609, or in fifteen times its weight 

of boiling water. | | 
The regulus may be obtained from this calx, either 
by quickly fuſing it together with twice its weight of 
ſoft ſoap, and an equal quantity of alkali, and pouring 
it 
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th 
all 
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it out, when fuſed, into an hot iron cone; or by mix- ARSENIC. 
ing it in powder with oil, and expoſing it in a matraſs * 
to a ſand heat. This proceſs is too offenſive to be 
made but in the open air, or where a current of air 
carries off the fumes. The decompoſed oil firſt riſes ; 
and the regulus is afterwards ſublimed, in the form of 
a flaky metalline ſubſtance. 
_ Vitriolic acid does not attack the regulus of arſenic, Action of vitri- 
nor its calx, when cold; but, if it be boiled upon this De) 
ſemi-metal, vitriolic acid air is emitted, a ſmall quan- 
tity of ſulphur ſublimes, and the arſenic is reduced to 
the calciform ſtate. Boiling vitriolic acid diſſolves the 
calx of arſenic; but ſcarcely retains any portion of it 
when cold. The calx of arſenic is conſiderably leſs 
volatile when vitriolic acid is preſent, or mixed with 
it; but it is ſaid that waſhing deprives it of the acid, 
and reſtores its properties. 
| Nitrous acid readily attacks and calcines the regulus of nitrous 
of arſenic: it likewiſe diſſolves the calx of this ſemi- *** * 
metal, in conſiderable quantity, by the aſſiſtance of heat; 
and affords a cryſtallized deliqueſcent ſalt by evapora- 
tion, which does not detonate on red-hot coals. The 
calx of arſenic is acidified by the action of nitrous acid 
diſtilled from it. | 
_ Poiling marine acid diſſolves the regulus, and alſo —of marine 
the calx of arſenic; but affects it very little when cold. _ 
This ſolution affords precipitates upon the addition of 
alkalis. Wy, 

The dephlogiſticated or aërated marine acid con- of aerated 
verts the calx of arſenic into arſenical acid. 2 

The calx of arſenic acts, in many inſtances, like an 
acid. It decompoſes nitre by diſtillation ; the nitrous 

| acid 
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ARSENIC. acid flying off, and the arſenical ſalt of Macquer re- 
— — maining behind. In this proceſs, the nitrous acid 
appears to acidify the calx. Quadrangular nitre is 
Diſtillation of affected in the ſame manner. When the white calx 
—— — of arſenic is diſtilled with ſulphur, volatile vitriolic acid 
flies off, and a combination of a yellow colour, called 
orpiment, is produced; which appears to conſiſt of 
ſulphur, united to regulus of arſenic; that is to ſay, 
part of the ſulphur receives vital air from the calx; to 
which, according to the ancient ſyſtem, it communi- 
cates phlogiſton: and in this manner the ſulphur be- 
comes converted into vitriolic acid; while the arſenical 
calx is reduced, and combines with the reſt of the ſul- 
phur. The combination of ſulphur and arſenic which 
has been fuſed, is of a red colour; and known by the 
Orpiment and name of realgal, or realgar. Realgar appears to be 
— leſs volatile than orpiment, or the yellow combination; 
for it remains at the bottom, while the other ſublimes; 
but in what reſpect they differ from cach other has not 
been well aſcertained. It is not improbable but that 
the orpiment may contain the calx in a more reduced 
ſtate than the realgar. A ſtrong heat converts orpi- 
ment into realgar. 

Liver of ſul- Saline liver of ſulphur diſſolves the calx of arſenic ; 

os but more readily attacks the regulus. 
Fixed alkalis Watery ſolutions of fixed alkalis diſſolve the calx of 
| arſenic; and, if they be loaded with it by means of 
heat, a brown tenacious maſs is produced, which ac- 
quires ſolidity, has a diſagrecable ſmell, and is called 
hepar of arſenic. Mineral acids precipitate part of 
$M the arſenic; but a portion of it, being acidified, ad- 
heres more tenaciouſly to the alkali, The acids occa- 
fron 
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ſion no precipitation from the ſolution of arſenic in the aasenic. 
volatile alkali. It is not eaſy to explain what happens ane 
in this caſe, without further experiments. The ſolu- Combination of 
tions of calx of arſcnic in alkalis differ much in their — pg 
properties from the combination which is produced 
when the nitrous ſalts are decompoſed by its means. 
This difference is accounted for from the conſideration 
that it is the calx of arſenic in the firſt caſe, and the 
acid in the latter, which combines with the alkalis. | 
A ſolution of the calx of arſenic acts upon metals —with metals. 
in the humid way, moſt probably in conſequence of its 
approach to the acid ſtate. p 
The acid of arſenic being applicd to the filings of Action of arſe- 
the metals, in a long-necked flaſk, to prevent its re- 9 
duction, acts upon ſeveral of the metals in a digeſting 
heat. Gold and platina are ſcarcely ated upon. Sil- on gold, pla- 
ver is not attacked by digeſtion z but when the acid "..... 
comes to be fuſed, the metal is diffolved, and affords a 
colourleſs glaſs, which is nearly tranſparent ; ſoluble 
in water, with the loſs of greateſt part of the filver, 
which ſubſides in the form of a brown powder, con- 
taining a minute portion of the acid; and reducible, 
like the other, precipitates of filver, by mere heat. 
Mercury is not attacked by the arſenical acid, in the —mercury, 
heat of digeſtion; but when the acid and mercury 
are urged 1a a retort, by an heat which is near melting 1 
the veſſel, part of the mercury combines with the | 
acid, and forms a yellowiſh maſs of extremely difficult N 
tuſion; very fixed, and inſoluble in water. Diluted | 
nitrous and vitriolic acids have ſcarcely any effect on 
it, but marine acid readily diſſolves it. This ſolution, 
by evaporation to dryneſs, and diflillation, affords 
B b corro- | 
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Action of arſe- 
nical acid on 


copper: 


on iron: 


COMBINATIONS OF ARSENICAL ACID 


AxsExIc. corroſive ſublimate, and the reſidue is arſenical acid: 


whence it follows, that the mercury in the arſenical 
combination muſt have been perfectly calcined. Cop- 
per is diſſolved by the arſenical acid in digeſtion, and 
affords a green ſolution. One part of copper filings, 
mixed with two of dry arſenical acid, affords a blue 
maſs by fuſion, at an elevated degree of heat, which 
is ſoluble in water; and then proves to be the ſame 
combination as was produced by digeſtion. The wa- 
tery ſolution lets fall a light blue powdery matter, 
conſiſting of a combination of copper with arſenical 
acid. Iron likewiſe is attacked by this acid during 
digeſtion ; and the whole ſolution at laſt grows gela- 
tinous, if the digeſtion be performed in an open 
veſſel, If the digeſtion be performed in a long- 
necked or cloſe veſſel, it does not become gelati- 
nous; but will afterwards become fo, if expoſed to 
the air. In the dry way, when one part of iron 
filings is diſtilled with four of acid of arſenic, the 
maſs makes a great efferveſcence towards the end ; 
and, when it becomes dry, it takes fire upon increaſ- 
ing the heat; arſenic and regulus of arſenic being ſub- 
limed, and a black friable reſiduum being left at the 
bottom, which contains but little acid of arſenic. In 
this proceſs it appears that the iron, which is a metal 
very much diſpoſed to combuſtion or calcination, ſud- 
denly deprives the arſenical acid of its vital air, and 
reduces it to the ſtate of calx and regulus ; at the ſame 
time that, according to the ancient hypotheſis, phlogiſ- 


on lead. ton paſſes from the metal to the acid, Little effect is 


produced upon lead by digeſtion with the arſenical 
acid ; but the combination takes place by fuſion in the 
| dry 
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dry way, which affords a ſemi-opake glaſs. When this AxsEx1c. 
is boiled in diſtilled water, the lead falls down in the 8 
form of a white powder, containing arſenical acid, but nical acid on 
which does not afford arſenic by heat, unleſs charcoal 
be added. Tin, digeſted with arſenical acid, grows 
black at firſt; afterwards becomes covered with a 
white powder ; and, at laſt, the whole maſs becomes 
gelatinous. In the dry way, one part of tin filings, 
with two of the acid, heated in a retort, took fire when 
' ignited: and the calx of regulus of arſenic immediately 
ſublimed, leaving a limpid ſolution of tin; which, 
when cooled, was of a milky colour. This, when 
diſſolved in diſtilled water, depoſited a white calx, 
which contained very little acid of arſenic. 
Zinc is the only metallic ſubſtance which efferveſces on zinc. 
when digeſted with the arſenical acid. The zinc 
grows black ; and the tranſparency of the acid is de- 
ſtroyed by a quantity of black powder; which, on ex- 
amination by burning on a red-hot iron, proves to be 
regulus of arſenic. This precipitated regulus ſoon 
defends the zinc from farther ſolution. The air which 
eſcapes during the efferveſcence is inflammable, holding 
regulus of arſenic in ſolution, which it depoſits on 
burning. Either of the chemical theories will ſerve to 
explain theſe effects: for the zinc is calcined by receiv- 
ing the vital air of the acid; while it is ſuppoſed to 
give out phlogiſton enough to reduce the acid baſis to 
a regulus, and to afford the inflammable air which 
eſcapes. Or, in the other theory, it will be ſaid that 
- the zinc, having a ſtrong tendency to combine with 
vital air, and become calcined, cannot decompoſe water 
+ Bb 2 at 
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at a moderate temperature, unleſs an acid be preſent, 


do remove the coating of calx by ſolution as faſt as it 
Action of arſe- is formed, which mere water cannot do. This there- 


nical acid on 
Zinc, 


Theory. 


Caution re- 
ipecting theo- 
ries. 


after, becauſe of infinitely more value than the moſt 
ingenious ſpeculations; and that an attachment to 


fore is the firſt conſequence of the mutual action of 
water, zinc, and the acid; namely, vital air quits the 
water to unite with the zinc, and inflammable air flies 
off at the ſame time that the acid combines with the 
calx of zinc. But of the two metallic baſes, which 
are here combined by the intermedium of vital air, 
the zinc has a ſtrong tendency to calcination, and the 
arſenic to become revived ; it appears therefore, 
from the facts, that the zinc, attracting the vital air 
moſt ſtrangly, becomes ſtill more calcined, and con- 
ſequently leſs ſoluble ; while the arſenic is reduced 
by the loſs of its vital air. Whence it muſt follow, 
that the metallic zinc which remains, being enve- 
loped with calx of zinc and metallic arſenic, can no 
longer be afted on hy the acid and water, which till 
continue undecompoſed. On this, and ſimilar occa- 
ſions, it cannot howeyer be too often repeated to the 
chemical ſtudent, that theories ought to be cautiouſly 
followed, as of uſe in the arrangement of facts, and 
in directing the path to future inyeſtigations ; that 
diſcriminating phenomena ought to be earneſtly ſought 


ſyſtem, though it frequently gives life and energy to 
the exertions of genius, is in general a certain ſource 
of prejudices, which diſable the enquirer from pur- 
ſuing. the ſearch after truth, and fix his mind upon 
words inſtead of things, 122 


In 
7 
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In the dry way, when one part of the filings of AusENic. 
zinc was mixed with two of the arſenical acid, and — =o of 
diſtilled, the maſs took fire, with a very bright inflam- _ acid on 
mation, as ſoon as the retort became red-hot. The veſ- | 
ſel was burſt by the exploſion z and in-its neck were | | 
found regulus of arſenic, and flowers of zine. This 
effect may be explained from the ſame conſiderations 
as were applied to the combuſtion which takes place, | 
in like eircumſtances, with iron. 
Biſmuth is acted upon by the arſenical acid in di- —on biſmuth : | 
geſtion. Water precipitates a powder from the ſolu- 
tion, which conſiſts of acid of arſenic, combined with 
calx of biſmuth. In the dry way, biſmuth is calcined 
by this acid, but not diffolved ; a little arſenic being 
ſublimed : and if water be added to the cooled maſs, 
the acid is taken up, but the calx remains. Regulus —onantimony: 
of antimony is affected nearly in the ſame manner as 
biſmuth, in the humid way ; but, in the dry way, an 
inflammation takes place at the time of fuſion. By —on cobalt: 
digeſtion with cobalt, the acid of arſenic aſſumed a 
roſe colour; but much of the cobalt remained undiſ- 
ſolved. The whole maſs being diſtilled to dryneſs, 
and fuſed, afforded glaſs: of a violet colour, and ſemi- 
tranſparent. Nickel communicates a green colour to —on nicke}, 
this acid by digeſtion z a quantity of green powder, 
mixed with arſenic, being precipitated : the arſenic 
may be ſeparated by a gentle heat. In the dry way, 
the acid combines with nickel, and forms a yellow 
maſs, with grey ſtreaks upon it, reſembling a vegetation. 
By boiling in water, the acid is taken up, and a yellow 
powder left behind, conſiſting of a combination of 
Bb3 nickel 
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ARSENIC. nickel and arſenic, moſt probably in the acid ſtate ; 


mmm, come 
Action of arſe- 
nical acid on 
manganeſe. 


the arſenic is reduced with charcoal, but the nickel is 
not. Calx of manganeſe is ſcarcely ated upon by 
acid of arſenic ; but, when the manganeſe is partly or 
entirely reduced, it is diſſolved in the humid way; and 
affords cryſtals as ſoon as the acid is nearly ſaturated. 
The regulus, digeſted with the arſenical acid, becomes 
covered with a white powder of arſenical calx. When 
one part of the regulus was mixed with two parts 
of the-dry acid, and expoſed to diſtillation, the re- 
gulus was ſublimed before the heat was ſuſſiciently 
great to fuſe the acid, and conſequently no mutual 


action took place; but when the acid was firſt fuſed, 


Combinations 
of regulus of 
arſenic. 


Ces of arſenic, 


172, &c. &c. 


and the regulus added ſucceſſively in ſmall lumps, 
inflammation took place, and calx of arſenic was ſub- 
limed. 

Regulus of arſenic is ſoluble in unctuous oils, in a 
boiling heat : the ſolution is black, and has the con- 
ſiſtence of ſalve when cold . Moſt metals unite with 
arſenic z which moſt probably exiſts, in the reguline 
ſtate, in ſuch as poſſeſs the metallic brilliancy. The 
calx, more or leſs acidified, is common in many mi- 
nerals. 

Arſenic is uſed in a variety of arts. Tt enters into 
metallic combinations wherein a white colour is re- 
quired. Glaſs manufacturers uſe it ; but its effect 
in the compoſition of glaſs does not ſeem to be clearly 


* On arſenic and its acid, conſult Scheele's Eſſays, p. 143 ; Berg- 
man's Eſſays, vol. ii.; Pelletier, in the * de Phyſique for 


exglained. 
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explained. Orpiment and realgar are uſed as pigments, arsEx1c. 
Some attempts have been made to introduce it into ———— 
medicine; but as it is known to be a moſt violent 

poiſon, it is probable that the fear of its bad effects may 

long deprive ſociety of the advantages it might afford 

in this way. | 
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become calcined; and its calx is of ſo deep a blue 
colour, as to appear black. The moit remarkable and 
moſt valuable property of this metallic ſubſtance 1s, 
that its calx, when fuſed with borax, or with alkali and 
ſand, produces a blue glaſs, known by the name of 
ſmalt. The action of air ſoon tarniſhes it; but water 
f has little or no effect upon it. 
Orablection Concentrated and boiling vitriolic acid, diſtilled 
with vitriolic nearly to dryneſs, combines with this ſemi-metal. 
Much vitriolic acid-air flies off; and the cobalt is in 
part calcined, and in part converted into a cryſtal- 
lizable falt, foluble in water, and precipitable by lime 
and by alkalis in the form of a roſe-coloured powder 
or calx. Diluted vitriolic acid acts upon the calx of 
cobalt, and forms the ſame alt. 
with nitrous Nitrous acid diſſolves cobalt by the aſſiſtance of a 
DI moderate heat. Nitrous air is diſengaged ; and the 
ſolution affords deliqueſcent cryſtals by evaporation, 
which do not detonate on ignited coals, but boil up 
: and leave a red calx. Lime, and the alkalis, precipi- 
tate the ſolution ; and, if the alkali be added in exceſs, 


it diſſolves the precipitate. 


. ; | * 
; | © H A . XII. P 
* CONCERNING COBALT. * 
4 | | t. 
. COBALT, OBALT is a ſemi-metal, of a whitiſh grey, of 
ll. eee ſteel colour; hard, brittle; of a dull, cloſe-grained * 
| cobalt, fracture, and moderate ſpecific gravity. It. is rather {i 
. more difficult of fuſion than copper; does not eaſily ſy 
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The marine acid has ſcarcely any action on cobalt, conarLT. 
unleſs it be boiling ; in which caſe it diſſolves a ſmall 3 
portion. It diſſolves the calx more readily; with _ marine 
which it forms a red brown fluid, that becomes green 
when heated. This ſolution affords deliqueſcent eryſ- 
tals by evaporation. , | 

Aqua regia difſolves cobalt more eaſily than the ma- —with aqua 
rine, though not ſo readily as the nitrous, acid. This - 
ſolution is well known, as one of the moſt celebrated — 
ſympathetic inks afforded by chemiſtry, If it be * 
luted with a ſufficient quantity of water to prevent 
its action upon paper, and then uſed to write with, 
the letters are inviſible as ſoon as the clear ſolu- 
tion has become dry: but, if the paper be held to the 
fire for a ſhort time, they appear of a fine green 
colour; which again diſappears by removing it, and 
ſuffering it to cool again. If the heat be continued 
too long after the letters appear, it will render them 
permanent. This effect ſeems to be analogous to 
that which obtains in the marine ſolution: but none 
of the efficient cauſes of change of colour in this, or 
any other chen ical phenomenon, have been hitherto 
explained. 

The acid of borax does not act immediately on Acid of borax 
cobalt, in the humid way : but borax itſelf, added to * 
either of the foregoing ſolutions, effects a decompo- 
ſition by double affinity; the alkali uniting with the 
ſolvent acid, while the acid of borax ſeizes the cobalt, 
and forms a ſcarcely ſoluble compound, which falls 
down. | 

The acid of ſugar precipitates cobalt from its ſolu- Acid of freer. 


tions, in the form of a pale roſe-coloured powder. 
Whether 
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couarr. Whether alkalis or earths combine with this metal 

directly, by the intervention of water, has not been 

cobalt: determined. | 

—with nitre: Cobalt does not act on neutral ſalts in general. It 
detonates feebly with nitre, when projected into a 
red-hot crucible, with twice or thrice its weight of 
that ſalt. The metal becomes calcined by the action 
of the nitre; but the changes in both ſubſtances re- 
quire farther examination. 

—with ſal am- Sal ammoniac is not decompoſed by cobalt. 

n fas Sulphur does not unite with cobalt, but with diſh- 

* culty. Liver of ſulphur combines more readily with 
it. The action of phoſphorus, or its acid, on this 
ſubſtance, remains to be aſcertained. 

—with me- This ſemi- metal unites by fuſion with moſt of tlie 

1 metals and ſemi- metals, as has before been noticed, 
Silver, lead, and biſmuth, do not mix with it; and 
zinc does not but with great difficulty. 

Native cobalt Cobalt is found native in alloy with arſenic and iron, 

and its ores. . . 
and of a ſteel-grained appearance when broken; or in 
a calciform ſtate, of a black colour, either pulveru- 
lent or indurated : or combined with arſenical acid, in 
the flowers of cobalt, of a red colour ; or, laſtly, united 
to ſulphur and iron, with or without arſenic, of various 
ſhades of redneſs. Biſmuth, nickel, and other ſub- 
ſtances, are contained in theſe ores. They may in 
general be diſtinguiſhed by ſolution in aqua regia 
with which, after dilution with water, they form the 
ſympathetic ink above deſcribed. 

Humitanlyſiss The native cobalt, and its calciform or ſulphu- 
reous ores, may be examined by folution in aqua 
regia, and evaporation to dryneſs; after which, the 

calcined 


z > 
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calcined cobalt may be diſſolved by vinegar, When coat r. 
this calx is precipitated by mild mineral alkali, the S—I— 
regulus may be accounted for, by allowing one hun- pr pump brs 
dred grains for every hundred and ſixty grains of pre- 

cipitate. 'The other component parts of the refidue, 

not taken up by the vinegar, may be aſcertained by 

the methods deſcribed in the preceding chapters. The 

red arſenical cobalt ore, which contains arſenical acid, 

may be decompoſed by vitriolic acid; and the diſen- 

gaged arſenical acid will be taken up by highly- recti- 

fied ſpirit of wine; after which, the combination of 

vitriolic acid and cobalt may be diſſolved in water, and 

precipitated by mild alkali : or the ore itſelf may be 

diſſolved in water, ſharpened by an acid; and the calx 

be then precipitated by the alkali. 

In the dry way, the ores of cobalt, after previous Analyſis in ue 
pounding, waſhing, and roaſting, may be fuſed with ©? W. 
three times their weight of black flux, in a lined and 
covered crucible, by the heat of a ſmith's forge. The 
tingeing power of cobalt ores may be aſſayed by fuſion 
with three parts of fixed alkali, and five of powdered 
flint, or glaſs. The alkali muſt be put firſt into 
the crucible z next, the flint; and, above all, the 
roaſted ore. When cobalt ores, containing biſmuth, 
are reduced, this ſemi-metal uſually occupies the 
lower part of the crucible, and may be ſeparated 
from it by a blow with a hammer; or at leaſt by 
eliquation, or melting, on account of its greater fu- 
ſibility. 

Cobalt is found in ſeveral parts of Europe, but cobalt found 
moſt plentifully in Saxony; or, at leaſt, it is manu- 79" 3 
factured there in the greateſt plenty. Chaptal aſſures q 
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COBALT. 


ZAFFRE. SMALT. 


us, that the Saxons at preſent import it from the ſouth 


——— of France, where it is afforded by the Pyrenean moun- 


Manufacture 
of zaffre and 
ſmalt. 


tains. The ore is uſually broken into pieces about 
the ſize of a hen's egg, and the ſtony parts picked out. 
The ſorted mineral is then pounded in mills, and ſifted 
through wire ſieves. By waſhing in water, the lighter 
parts are carried offz and the remainder 1s calcined 
in a furnace reſembling an oven, wherein it is heated 
by the action of the reverberated flame of wood which 
plays upon it. In this ſituation, it is occaſionally 
ſtirred with long iron rakes; and emits fumes, con- 
ſiſting chiefly of arſenic, which is collected in a long 
horizontal chimney, built for that purpoſe.. If the 
ore contain biſmuth, this fuſible ſemi-metal is col- 
lected at the bottom of the furnace. The cobalt, after 
a ſufficient torreſaction, remains in the form of a dark 
grey calx, called zaffre. The zaffre of commerce 
always contains twice or thrice its weight of pow- 
dered flints. The flint is pulverized, for this and 
other purpoſes, by means of previous ignition, and 
quenching in water, which renders it friable. Smalt 
is a blue glaſs, compoſed of one part of the calcined 
cobalt, fuſed with two of the flint powder, and one 
of pot-aſh, Powder blue, or azure, is obtained by 
grinding ſmalt in mills, and afterwards waſhing it in 
water. This laſt operation is performed in a caſk 
filled with water, and pierced with three openings at 
different heights. The water of the uppermoſt cock 
carries out the fineſt blue, which they call azure of the 
firſt fire. The larger particles fall more ſpeedily, and 
the azure brought out by the water of the thre? 


cocks forms the different degrees of ſineneſs known 
under 
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under the names of azure of the firſt, ſecond, and third conaur. 
fires, — 

The uſe of this metallic ſubſtance is confined chiefly ures of cobalt. 
to the production of the blue glaſs for enamels, and 
other purpoſes. Powder and ſtone blue, uſed by 


laundreſſes, is a preparation made by the Dutch from 
the coarſe ſmalt. 


CHAP. 


ZINC» 


CHAP. XIII. 


CONCERNING ZINC. 


INC is a ſemi-metal, of a blueiſ white colour, 
ſomewhat brighter than lead ; of conſiderable 
hardneſs; and ſo malleable, as not to be broken with 
the hammer, though it cannot be much extended in 
this way. It is very eaſily extended by the rollers of 
the flatting mill. When broken by bending, its tex- 
ture appears as if compoſed of cubical grains. On 
account of its imperfect malleability, it is difficult to 
reduce it into ſmall parts by filing or hammering : 
but it may be granulated, like the malleable metals, 
by pouring it, when fuſed, into cold water; or, if it 
be heated nearly to melting, it is then ſufficiently 
brittle to be pulverized. It melts long before igni- 


tion, at about the 7ooth degree of Fahrenheit's ther- 


mometer; and, ſoon after it becomes red-hot, it burns 
with a dazzling white flame, of a blueiſh or yellowiſh 
tinge, and is calcined with ſuch rapidity, that it flies 
up in the form of white flowers, called the flowers of 
zinc, or philoſophical wool, Theſe are generated ſo 
plentifully, that the acceſs of air is ſoon intercepted ; 
and the combuſtion ceaſes, unleſs the matter be ſtirred, 
and a conſiderable heat kept up. The white calx of 
Zinc is not ſo volatile, but is driven up merely by the 
force of the combuſtion. When it is again urged by 


a ſtrong heat, it becomes converted into a clear yellow 
glaſs. 
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glaſs. If zinc be heated in cloſed veſſels, it riſes zinc. 
without decompoſition. Zinc appears to be the moſt 

volatile of metallic ſubſtances, except the regulus of 

arſenic. 

The dilated vitriolic acid affords zinc; at the Solution of | 
ſame time that the temperature of the ſolvent is in- 1 
creaſed, and much inflammable air eſcapes : an un- 
diſſolved reſidue is left, which conſiſts of plumbago. 

The theories of this ſolution, and the diſengagement 
of inflammable air, are perfectly ſimilar to thoſe which 
have been before explained in the chapter ori iron. 
As the combination of the vitriolic acid and the calx 
proceeds, the temperature diminiſhes; and the vitriol 
of zinc, which is more ſoluble in hot than cold water, 
begins to ſeparate, and diſturb the trauſparence of the 
fluid. If more water be added, the ſalt may be ob- 
tained in fine priſmatic four-ſided cryſtals. The white White viariol. 
vitriol, or copperas, uſually ſold, is cryſtallized haſtily, 
in the ſame manner as loaf ſugar, which, on that ac- 
count, it reſembles in appearance : it is flightly ef- 
lloreſcent. The white calx of zinc is ſoluble in the 
vitriolic acid, and forms the ſame ſalt as is afforded 
by zinc itſelf, F 

Diluted nitrous acid combines rapidly with zinc, Solution of 
and produces much heat, at the ſame time that a large 1 nitrow 
quantity of nitrous air flies off, The ſolution is very 
cauſtic, and affords cryſtals by evaporation and cool- 
ing, which ſlightly detonate upon hot coals, and leave 
a calx behind. This ſalt is deliqueſcent. 

Marine acid acts very ſtrongly upon zinc, and diſ- <;, marine 
engages much inflammable air; the ſolution, when acid. 


evaporated, does not afford cryſtals. 
Water 
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| ZING, Water impregnated with fixed air diſſolves a con- 
e acerable proportion of zinc. The other acids have 
| not been tried. | 
— of Zinc is precipitated from acids, by the ſoluble earths, 
and the alkalis: the latter rediſſolve the precipitate, if 
they be added in exceſs. 
IN We: Zinc decompoſes, or alters, the vitriolic neutral ſalts 
; in the dry way. When fuſed with vitriolated tartar, it 
converts that ſalt into liver of ſulphur ; the zinc at the 
ſame time being calcined, and partly diſſolved in the 
hepar. In this operation, the vital air of the acid 
combines with the zinc, and calcines it; at the ſame 
time that, according to the ancient theory, the phlo- 
giſton of the metal combines with the acid baſe, and 
converts it into ſulphur. In the new theory, the tranſi, 
tion of phlogiſton is conſidered as hypothetical and 
unneceſſary: becauſe, the metal and the ſulphur being 
taken to be ſimple ſubſtances, the vitriolic acid become 
ſulphur, merely by the loſs of its vital air; and the 
zinc becomes calcined merely by the acquiſition of the 
ſame ſubſtance. 
with nitre: When pulverifed zinc is added to fuſed nitre, or 
projected together with that ſalt into a red-hot cru- 
cible, a very violent detonation takes place; inſomuch 
that it is neceſſary for the operator to be careful in 
uſing only ſmall quantities, leſt the burning matter 
ſhould be thrown about. The zinc is calcined ; and 
part of the calx combines with the alkali, with which 
it forms a compound, ſoluble in water. 

3 Zinc decompoſes common ſalt, and alſo ſal ammo- 
ee * niac, by combining with the marine acid. The filings 
and alum. of zinc likewiſe decompoſe alum, when boiled in a 
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ſolution of that ſalt, probably by combining with its zinc. 
exceſs of acid. — 


Sulphur, though its Aion is + almoſt general on me- Habitudes of 
tallic ſubſtances, does not combine with zinc. This — 
property affords a ready means of purifying the ſemi- 
metal, by projecting ſulphur upon it, when melted in 
a ſhallow crucible. It has been a ſubject of remark, 
among chemiſts, that many of the zinc ores conſiſt of 
this ſemi-metal combined with ſulphur, though art 
has not yet diſcovered the means of effecting the ſame 
combination. But the difficulty is removed by the 
conſideration, that the ſulphur does not unite with zinc 
itſelf ; yet it readily does with its calx, and forms a 
compound ſimilar to the zinc ores, called blendes ; in 
which, for that reaſon, the zinc may be preſumed to 
exiſt in the calciform ſtate, 

Liver of ſulphur does not combine with zinc, either —with liver of 
in the humid or dry way. | K 8 

Moſt of the metallic combinations of zine have —with metals. 
been already treated of. It forms a brittle compound 
with antimony; and its effects on manganeſe, wol- 
fram, and molybdena have not yet been aſcertained. 

Native zinc has been very ſeldom found. The Native zinc 
calciform ores of zinc are the zinc ſpar, of a PI 
whitiſh grey colour, reſembling a lead ſpar; and the 
impure calx called calamine, which is of a white, 
grey, yellow, brown, or red colour, containing iron, 
clay, calcareous and other earths, ang lead. The 
ore called blende, 'mock lead, or black jack, conſiſts 
of zinc mineralized with ſulphur and iron: of this 
there are. ſeveral varieties. They are in general of 
a plated texture; and frequently of a quadrangular 

Cc form, 
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form, like galena, or potters' lead ore, though they are 


III? conſiderably leſs heavy. Theſe ores are found in va- 


rivus parts of Europe; and, in conſiderable plenty, in 
the mine counties of England. 


Humid arialyſis Native zinc may be affayed, in the humid way, by the 
of zinc and its mineral acids. When it is diſſolved in theſe, if there 


Ores. 


Kſſay of cala- 


mines. 


Diſtillation of 


7 inc. 


be any other metal preſent, it may be precipitated by 
the addition of a known quantity of zinc. The weight 
of calx of zinc precipitated by mild alkali from its 


vitriolic ſolution, will amount to 193 grains for every 


100 of the metal it repreſents. The ſulphureous zinc 
ores mult be carefully treated with nitrous acid; which 
will diſſolve the zinc, and leave the ſulphur. Extrane- 
ous metals may be precipitated, and the quantity of 
zinc aſcertained, as before. 

The eſſay of calamines is ſometimes made by pound- 
ing and mixing them with charcoal, and then heating 
them in a crucible covered with a copper plate. The 
reduced zinc rifes, and converts the copper into braſs ; 
and, in this way, ſome judgment may be formed of its 
value in the operation of braſs-making. Moſt of the 
zinc, whether in the metallic ſtate, or in the form 
of an impure calx, called cadmia fornacum, is obtained 
in the roaſting of various kinds of ores at Ramelſ- 
burg. For this purpoſe, the anterior part of the fur- 
nace is kept cold by wetting it: by which means the 
volatilized zinc is condenſed, and falls into a cavity, 
containing charcoal duſt, which defends it from calci- 
nation. | 

The proceſs for obtaining zinc from its ores by diſ- 
tillation, which is practiſed in England, and faid to 
have originally been derived from the Chineſe, is per- 

0 ſormed 


DisTILLING FURNACE FOR ZINC; 


formed in a furnace, in the form of a circular oven; 
in which are placed fix pots, each about four feet in 
height, and of a conical ſhape, reſembling an oil jar. 
Into the bottom of each pot an iron tube is inſerted, 
which paſſes through the floor of the furnace into a veſ- 
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Diſtillation of 
Zinc, 


ſel of water. Theſe pots are filled with a mixture of 


calamine and charcoal; and their mouths are then 
cloſe ſtopped with clay. The fire being then properly 
applied, the metallic vapour of the calamitiie iſſues 
through the iron tube, which is the only place where 
it can eſcape. In this way it is condenſed in ſmall 
particles in the water; which are afterwards melted 
into ingots for ſale, under the name of ſpelter®. The 
ſubſtance ſold in London by the name of ſpelter, is a 
kind of ſoft braſs, in a granulated form, which is uſed 
by the braziers and others for ſoldering. 


The chief purpoſe to which zinc is applied conſiſts Uſe of zinc; 


in the fabrication of braſs, and other gold-coloured 
mixtures. Its calces and ſalts have been occabonally 
employed in medicine. 


* Watſon's Chemical Eſſays, vol. iv, 
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CHAP. XIV. 


CONCERNING ANTIMONY, 


EGULUS of antimony is of a filvery white 
— colour; very brittle, and of a plated or ſcaly tex- 
Characters of 4 4 ö 
antimony. ture. Its ſpecific gravity is moderate. Soon after 

ignition it melts z and, by a continuance of the heat, 

it becomes calcined, and rifes in white fumes, which 
{ may afterwards be volatilized a ſeeond time, or fuſed 
pl! into a hyacinthine glaſs, according to the management 
| of the heat : they are called argentine flowers of regu- 
lus of antimony. In clofed veſſels, the regulus riſes 
. totally without decompofition. This metallic ſubſtance 
4 is not ſubject to ruſt by expoſure to air; though its 
1 


ANTIMONY». 


ſurface becomes tarniſhed by that means. Its calces 

are ſoluble in water; and, in that reſpect, reſemble the 

calx of arſenic, probably by an approach towards the 

acid ſtate. : | 

Addon of vitrci- Vitriolic acid, boiled upon the regulus of antimony, 

— on an calcines the greater part, ſo as to render it inſoluble the 

| acid being at the ſame time decompoſed. Much vitri- 

olic acid air eſcapes; and, towards the end; a ſmall 

quantity of ſulphur is ſublimed. By waſhing the reſi- 

due in water, a vitriolic falt of antimony is feparated 
from the calx, which does not cryſtallize. 

Nitrous acid. Nitrous acid very readily attacks antimony in the 

cold, Moſt part of the metal is calcined by this 

action; but a portion is diſſolved, and affords deli- p 

queſcent cryſtals, decompoſible by heat. The calx of a 

antimony 
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. antunony formed by this acid is very white, and diſi- anT1mowy, 


cult of reduction. | — nnd 
Continued digeſtion is required for the ſolution of Solution of an- 
regulus of antimony in the marine acid. A confider- maps. To” 
able quantity is however at length diſſolved; which 
affords very dcliqueſcent cryſtals. This ſalt melts by 
the application of heat; and is decompoſed by qiſtilled 
water, in the ſame manner as the butter of antimony, 
from which it does not much differ. 
Dephlogiſticated or atrated marine acid diſſolves the —in dephlogiſ- 
ticated or aerated 
regulus of antimony with great facility. marine acid: 

Aqua regia, compoſed of ſeven parts nitrous, and —in aqua re- 
one marine acid, diſſolves it very readily ; but lets fall 8 
2 portion of white calx as it cools. The ſolvent power 
of either of the three ancient mineral acids on this ſemi- 
metal, appears to be increaſed 10 mixture with any one 
of the others. 

Earthy ſubſtances do not act on the regulus of anti- Habitude ofre- 
mony in the dry way. Its calx, however, enters rea- — 
dily into the compoſition of glaſs; to which it imparts rths: 
more cr leſs of an hyacinthine colour. When fuſed r vitrio- 
with vitriolated tartar, it converts it partly into hepar, 
or liver of ſulphur; which diſſolves a portion of the 
calx of antimony : that is to ſay, the vital air of the acid 
calcines the regulus of antimony, while part of the acid 
becomes converted into ſulphur ; either ſimply by the 
loſs of its vital air, or elſe by that loſs, together with 
the acquiſition of phlogiſton from the regulus, 

Nitre detonates very readily with the regulus of Detonation 
antimony ; when equal parts of theſe ſubſtances are 9 
projected into a red-hot crucible, the refidue of calx 
and alkali is known by the name of diaphoretic anti- 


Cc3 mony. 
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ANTIMQNY». mony. When the ſaline part is waſhed out by hot 
I — water, the reſidue is called waſhed diaphoretic anti- 
mony. The water uſed in the waſhing contains a 
portion of the calx, ſuſpended by the alkali. This 
may be precipitated by the addition of an acid, and 
has been diſtinguiſhed by the name of ceruſe of anti- 
mony. | 
Diſtillation of When regulus of antimony is pulverized, and accu- 
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mony with cor- g | 
roſive ſubli- ſublimate, a mutual action takes place with the pro- 


* duction of heat; and, if the mixture be diſtilled with 
a gentle fire, a thick fluid comes over, which con- 
geals in the receiver, or in the neck of the retort, 

Butter of anti- and is called butter of antimony. The reſidue con. 

. fiſts of reyived mercury, and ſome regulus and calx 

Theory. of antimony. In this experiment, the dephlogiſti- 
cated marine acid combines with the antimony, while 


either of the two theories of chemiſtry. If the com- 
bination of regulus of antimony and ſulphur be uſed 
inſtead of the regulus itſelf, the mercury will be ob- 
tained in the form of cinnabar, at a much greater 
heat than js required to ſublime the butter of anti- 
mony. 
powder of al- When butter of antimony is thrown into pure wa- 
— ter, an abundant white precipitate, or calx, falls down, 
which is a yiolent emetic, and is known by the name 
of powder of algaroth. 
Bezoar mine- Nitrous acid diſſolves the butter of antimony. The 
* ſolution, which does not appear to differ greatly from 
the ſolution of the regulus in aqua regia, ſoon de- 
poſits a portion of calx. When an equal weight of 
| nitrous 


regulus of anti- rately mixed with about twice its weight of corroſive 


the mercury is revived ; as may be eaſily explained on 


v5 ws 


0 


a conſiderable portion of the ſulphur flies off, at the 
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uitrous acid has been three times diſtilled to dryneſs AXTIMONY- 
from butter of antimony, the reſidue, after ignition, 9 
is called bezoar mineral; and ſeems to be little more wo 
than a calx of the metal. 

Sulphur combines very readily with the regulus of Combinatian 

of regulus of 
antimony, and forms a ſubſtance differing in no re- antimony with 
ſpect from the mineral, or ore, to which the name ſalphur ; 
of antimony is excluſively appropriatech One part of 
ſulphur completely mineralizes four of the regulus. 

Liver of ſulphur diſſolves the regulus of antimonys —with liver of 
and affords an orange-coloured precipitate upon the Pur. 
addition of an acid. 

Antimony, or the regulus combined with ſulphur, Crude anti- 
was a favourite object of reſearch in the experiments 
of the alchemiſts ; in conſequence of which, its pro- 
perties are much better known than thoſe of the pure 
regulus. If this ſubſtance be heated, it melts, and —its habitudes: 


ſame time that the regulus becomes calcined, and 
riſes in white vapours. A gentler heat, leſs than is —by heat: 
neceſſary to fuſe it, converts it into a grey calx : this 
calx contains a portion of ſulphur. If it be urged by 
a ſtronger heat, it melts into the form of glaſs, which 
is more or leſs tranſparent, according to the degree of 
calcination of the metal, and the diſſipation of the 
ſulphur. When it contains much ſulphur, the glaſs 
is fuſible, opake, and of a dark red colour ; whence it 
has been called liver of antimony. 
When acids are applied to crude antimony, they —with agids. 
diſſolve the regulus, and leave the ſulphur. The ni- 
trous acid is beſt adapted to this ſolution. 
_Ccag Dias 
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AXTIMONY. Diaphoretic antimony is moſt commonly and ad, 


Diaphoretic 


_ antimony, 


Antimonial 
medicines. 


Kermes mine» 
ral. 


ANTIMONIAL MEDICINES, 


vantageouſly prepared by detonating the crude anti- 
mony with nitre inſtead of the regulus; the only dif- 
ference being, that more nitre is required for the de- 
tonation; and that the reſidue contains vitriolated tar- 
tar, as well as alkali and calx. 

There are ſeveral preparations, conſiſting of combi- 
nations of antimony with an alkali, in which the pro- 
portions of the ingredients, and the ſtate of the calx, 


are very different, according to the nature and ma- 


nagement of the proceſſes. Many of theſe have been 


highly praiſed in medicine; at the ſame time that they 


have been as ſtrongly exclaimed againſt for their ill 


effects. Both theſe aſſertions appear to have been 


well founded. It is. ſufficiently proved that antimo- 


nial medicines have produced the happieſt effects, 


and are juſtly entitled to be conſidered as very power- 
ful remedies; but, on the other hand, it is equally 
certain, that their great efficacy muſt have required 
greater attention, in their firſt exhibition, than per- 
haps may have been paid; and the complicated nature 


of many of the proceſſes muſt have rendered it very _ 
difficult to produce ſubſtances poſſeſſing exactly the 


ſame properties, or proportion of component parts, 

at all times. | as 1 | 
If antimony be treated with a fixed alkali, cither by 
fuſion and ſubſequent ſolution in boiling water, or by 
fimple ebullition, a precipitate is afforded by cooling, 
which is called kermes mineral, formerly uſed in me- 
dicine. It is thought to conſiſt of the calx of antimony, 
in combination with a portion of ſulphur ; but its 
COM» 


* 


MEDICAL PREPARATIONS OF ANTIMONY. 


component parts have not been accurately determined, a#TIiMoNY, 


and its properties differ according to the various me- 
thods uſed in preparing it. 


The antimonial preparations moſt commonly uſed Antimonial 


at preſent are, antimonial wine, and emetic tartar» 
Theſe, like every other preparation of this ſemi-metal, 


are prepared in a variety of ways. The wine may Emetic wine, 


be had by infuſing pulverized glaſs of antimony in 
Spaniſh white wine for ſome days, and then filtering 
the clear fluid through paper. A very minute por- 
tion of the calx is taken up; and this is greater or 
jeſs, according as the wine is more or leſs acid; and, 
perhaps, according to the temperature of the weather 
at the time of adminiſtering it. On this account, it 
is found neceſſary to give this medicine cautiouſly, 
and by ſmall portions at a time, when it is intended 


that it ſhall act as an emetic. The emetic or anti- Antimoniated 
moniated tartar of the London College is thus pre-. 


pared :—Take of crude antimony and nitre equal 
parts, ſeparately reduced to powder; mix them, and 
injet them into a crucible heated to whiteneſs, that 
the mixture may melt after deflagration ; pour it 
out, and reſerve the yellow maſs beneath the ſco- 
riæ, under the name of crocus of antimony; reduce 
this to a very ſubtile powder; boil it in water, and 
waſh the powder repeatedly in warm water, till it 
becomes perfectly inſipid: then take equal parts, by 
weight, of the waſhed crocus of antimony and of cryſ- 
tals of tartar, and boil them together, in three pints 
of water for every pound of the mixture, during half 
an hour: filter the liquor; and, after due evaporation, 
ſet it by to cryſtallize. —This is the antimoniated 

* How tartar, 
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ANTIMONY, 


— 


MEDICAL PREPARATIONS OF ANTIMONY. 


tartar. It js a triple ſalt, conſiſting of the acid of tar- 
tar, united to vegetable alkali, and antimony partially 
calcined ; and is conſidered as a ſafe medicine, whoſe 
properties and effects are more conſtant, and milder, 
than moſt other antimonial remedies. 


Medica! effects It has not been clearly determined on what circum- 


of antimony, 


Perpetual pills. 


ſtances the medical eſſects of antimony depend. The 
ſaline preparations of mercury, and other metals, 


are ſuppoſed to derive their cauſticity from their ten- 


dency to become reduced to the metallic ſtate; in 
conſequence of which, they corrode and decompoſe 
other combuſtible ſubſtances : but whether this be the 
caſe with antimony, is doubtful. It appears neceſſary, 


however, that antimony ſhould be in the ſaline ſtate, in 


order that it may act upon the animal ſyſtem. When 
the regulus is made into thoſe ſmall balls or pills, 
which, on account of the little change they undergo in 
paſſing through the human body, have been called per- 
petual pills, its purgative action is more or leſs violent, 
according to the quantity of acid it meets with; and, 
in the preparations of this ſemi-metal, their effects ſeem 


+ likewiſe'to be governed by the ſame circumſtance join- 


cd to their reſpective degrees of ſolubility. The nearly 
pure and inſoluble calx, produced by detanation with a 
large proportion of nitre, is almoſt ineffectual; whereas 
the more ſoluble calces or combinations are more or 
leſs active, according to their reſpective nature. Hence 
it appears to follow, that the ſimpleſt ſaline combina- 
tions are the moſt likely to produce effects conſtantly 
ſimilar; and that moſt of the calces and combinations, 
ſo highly extolled in the earlier age of chemiftry, are 


attended with dangerous uncertainty in their operation. 
Antimony 


ANALYSIS OF - ANTIMONIAL ORES, 


Antimony combines with moſt other metallic ſub- anTimoxr. 


ſtances, and produces mixtures whoſe properties have 
been attended to under their reſpective titles. 

Antimony is found either native, in maſſes of the 
regulus, compoſed of ſhining irregular plates ; or cal- 
ciform, in white cryſtallized filaments; or combined 
with ſulphur, in the dark blueiſh or grey friable mine- 
ral, called antimony, conſiſting moſt commonly of 
brilliant filaments diſpoſed parallel to each other; or, 
laſtly, combined with ſulphur and arſenic, in an ore 
which greatly reſembles the foregoing, except that it 
is of a red or reddiſh colour. 


Native regulus of antimony, or its calx, may be aſ- — analy- 


ſayed by nitrous acid, which diſſolves whatever arſenic 
it may contain, and only calcines the antimony. 'The 
ſulphureous antimonial ores are moſt conveniently 


analyſed by aqua regia, which takes up the calx, and 


leaves the ſulphur, which may be ſeparated by filtra- 
tion. The remaining ſolvent may be examined with 


the uſual precipitants. In the dry way, antimony is Dry way. 


ſeparated from its ſtony parts by fuſion in a moderate 
heat, nearly in the ſame manner as biſmuth ; and may 
be reduced, by flowly roaſting it, till it becomes con- 
yerted into a grey calx, which may be briſkly fuſed 
with twice its weight of black flux. 

Antimony and its regulus are chiefly uſed in me- 


dicine, and in ſome metallic alloys, ſuch as that uſed 


for printers types, ſmall hot, &cc. 
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MANGANESE» ＋ H E regulus of manganeſe is a ſemi- metal of a | 
— 


Characters of 


manganeſe. 


\ 


MANGANESE, 


CNT. . 


CONCERNING MANGANESE» 


du!l whitiſh colour when broken, but ſoon grows 
dark by calcination from the action of the air. It i; \ 
hard, brittle, though not pulyerable, and rough in its { 
fracture; ſo diſfcultly fuſible, that no heat yet exhi- 2 
bited has cauſed it to run into maſſes of any conſider. ü 
able magnitude; and appears to be more diſpoſed to p 
calcination than any other metallic ſubſtance, unleſ t 


we may except wolfram. Its calces are white when ti 
imperfect ; but black, or dark green, hen perfect: tl 
the white are ſoluble in acids. When broken in j 
pieces, it falls into a powder by ſpontaneous calcina- 
tion; and this powder is magnetic, though the maſſes 
were not poſſeſſed of that property. It ſeems as if 
the regulus of manganeſe were capable of depriving 
2 ſmall proportion of iron of its magnetiſm ; but that 
the eſfect ceaſes as ſoon as that regulus is converted 
into calx, A ſtrong heat expels vital air from the 
calx of manganeſe. 
Concentrated vitriolic acid attacks the regulus of 
manganeſe, but much more readily when diluted with 
two or three times its weight of water; at the ſame 
time that inſlammable air is diſengaged. A black 
fpongy ſubſtance remains undiſſolved, which has not 
been examined. The ſolution is colourleſs, and affords 
. cryſtals 


SOLUBILITY OF THE CALX OF MANGANESE. 


cryſtals by evaporation, Mild alkalis precipitate a MANGANESE» 
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white calx, ſoluble in acids; but pure alkalis afford 


a brown calx, which ſoon grows black in the air, and 


is ſcarcely ſoluble. The black calx of manganeſe, when Black. calx of 


old, or well made, is altogether inſoluble in acids, 
unleſs ſome combuſtible ſubſtance be added. It ap- 
pears therefore that the metal in this ſtate is too far 
calcined, and requires to be reduced again in a certain 
degree towards the metallic ſtate, to be diſſolved. If 
vitriolic acid be added, and drawn off by diſtillation 
ſeveral times from the black calx, by an heat nearly 
approaching to ignition, in a glaſs veſſel; it is found 
that vital air is diſengaged towargs the end of each 
proceſs, and part of the calx is diſſolved. The ſolu- 
tion of the calx in agids, by the addition of combuſ- 
tible matter, is eaſily accounted for, on either of the 
theories of chemiſtry, by affirming that the reduction 
is effected by the addition of phlogiſton, or the ſub- 
traction of vital air from the calx by means of the com- 
buſtible ſubſtance. The phlogiſtic theory appears how- 
ever to be deficient, in explaining the ſolution by mere 
vitriolic acid, at an elevated temperature *, on account 
of the abſence of phlogiſton ; but the new theory ſim- 
ply aſſerts the facts, that the calx loſes vital air in con- 
ſequence of the elevated temperature, and is rendered 
foluble in the acid. 


Bergman, ii. 215 (on the hypotheſts, that heat is matter; that 
this matter confiſts of pure air united to phlogiſton; and that 
manganeſe decompoſes the heat), derives the phlogiſton required 
for the ſolution, as well as the vital air which flies off, from this de- 
compoſition, Theſe poſitions did not * ſufficiently grounded 
to enter the text. 
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maaganele. 
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MANGANESE. 


— | 
Solution of re- 


SOLUBILITY OF THE RECULUS OF MANCANEST; 


Nitrous acid diſſolves the regulus of manganeſe 


with efferveſcence, and the eſcape of nitrous air. A 


gulus of man- ſpongy, black, and friable matter remains, whoſe 


zaneſe 1 in ni- 


trous acid: 


—in marine 
— . 


Explanation. 


properties reſemble molybdena. The ſolution does 
not afford cryſtals. The perfect calx is not foluble 
in pale nitrous acid, unleſs ſome combuſtible matter 
be added. 

The regulus is diſſolved in the uſual manner by 
marine acid. The black calx is likewiſe ſoluble ; 
but adheres ſo weakly to the acid, as to be ſepa- 
rated even by the mere addition of water : but, if 
this ſolution be expoſed to a digeſting heat for ſome 
hours, an inteſtine motion, like an efferveſcence, 
takes place; the ſmell of dephlogiſticated or aerated 
acid is perceived; and the combination becomes 
more perfect, ſv as not to afford a precipitate, un- 
leſs an alkali be added. Marine acid diſſolves the 
black. calx alſo, by the addition of a combuſtible 
ſubſtance. Mercury, and even gold, will effect this 
combination. The ſolution of manganeſe in marine 
acid ſcarcely affords cryſtals, but a deliqueſcent ſa- 
line maſs by evaporation, which is ſoluble in ardent 
ſpirit. 

In the permanent ſolution of black calx of manga- 
neſe by marine acid, it is ſeen that the acid itſelf 
muſt communicate the property to the calx, on which 


its ſolubility depends; that is to ſay, it muſt either 


afford phlogiſton, or abſorb vital air : and accordingly» 
the red vapours which eſcape are diſtinguiſhed by the 
name of dephlogiſticated, or arated, marine acid, ac- 
cording to the theory which may be adopted by the 


ſpeaker, 
Other 


e 


SINGULAR EFFECT OF MANGANESE IN GLASSES, 


309 


Other acids likewiſe diſſolve this metallic ſubſtance, xax AN ESGE. 


The fluor acid, and alſo the phoſphoric acid, form 


compounds of difficult ſolubility, which envelop and 


defend it from their farther action in a ſhort time. 


In the dry way, the calx of manganeſe combines Combinations 
of calx of man- 
ganeſe in the 


with ſuch earths and ſaline ſubſtances as are capable 


| 
| 
—— | 
| 
| 


of undergoing fuſion in a ſtrong heat. Theſe expe- dr way. 


riments are moſt advantageouſly performed by the 
blow-pipe, on ſmall quantities of matter; becauſe, 
in this way, the whole of the phenomena are clearly 
ſeen. The moſt remarkable property of the ſolutions 
is, that a due proportion of combuſtible matter renders 
them colourleſs ; for which reaſon, the calx of man- 
ganeſe is uſed by the glaſs manufaQurers to deſtroy 


the colours of glaſs. If a globule of microcoſmic - 


falt be fuſed by the blow-pipe upon charcoal, and 
2 ſmall portion of the black calx of manganeſe be 
added, the colour will be of a blueiſh red; or of a 
deep red, if the quantity of calx be greater. If the 
fuſion be continued by the interior blue flame, the co- 


lour at length diſappears; but may be eaſily revived changes of co- 
again, by ſoftening the globule with the exterior flame, 19- 


A ſmall particle of nitre inſtantly reſtores the red co- 
lour; but inflammable matter, or vitriolic ſalts, con- 
tribute to diſcharge it. If the globule, after being 
deprived of all colour, be fuſed in the filver ſpoon, it 
recovers its redneſs; and the colour is not diſcharged 
by any management of the fuſion, unleſs ſome inflam- 
mable matter be added. 

Theſe remarkable changes of W which may be 
repeatedly produced, depend evidently on the preſence 
or abſence of combuſtible matter; or, which amounts 
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— nnd 
Explanation of , a 
the changes of highly calcined or black manganeſe is firſt added, it 
colour in glaſſes 


SINGULAR EFPECT OF MANGANESE IN GLASSES, 


| MaNGAntse, to the ſame thing, on the degree of calcination of the 


manganeſe which is held in ſolution. When the 


which contain produces a coloured globule; if inflammable matter 


manganeſe, 


Theories, 


* 


combination 
with ſulphur. 


be added, the calx is partly reduced, and forms a co- 
lourleſs combination. Nitre reſtores the colour by its 
well-known property of calcining metals. When the 
fuſion is performed by the interior flame, the globule 
may be conſidered as if heated in a cloſe veſſel, in 
contact with charcoal; becauſe the ſurrounding flame 
prevents the acceſs of air: a revival of the calx there- 
fore enſues, and the colour vaniſhes, But when the 
external flame is uſed, its apex, or point-only, touches 
the globule; and the ſurrounding air promotes or 
maintains the calcination more effectually than the 
charcoal can produce the contrary effect: the conſe- 
quence therctore is, that the colour again appears. 
Vitriolic ſalts ſeem to forward the action of the char- 
coal, which converts them into ſulphur; and the 
colour remains fixed in the ſpoon, becauſe there is no 
combuſtible ſubſtance preſent, which is ſufficiently ſo 
to promote the revival of the calx. It is evident that 
both the theories of chemiſtry are applicable to theſe 
facts, whether the charcoal revives the calx by plilo- 
giſticating it, or by depriving it of its vital air; or 
whether the calcination by the apex of the flame be 
eſfected by the diſſipation of phlogiſton, or by the ab- 

ſorption of vital air from the atmoſphere. 
Nearly ſimilar changes are produced when the calx 

is fuſed. with borax, or an alkali. | 
Regulus of manganeſe does not appear to combine 
with ſulphur ; but eight parts of the calx combine 
. with 


c 
( 
I 
n 
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| with three of ſulphur, and produce a yellowiſh green u 


; maſs, which is acted upon by acids; the metal being — 05 LL 
t diſſolved with efferveſcence, and the diſengagement of 

r hepatic air. The ä 2 may be collected 

- on a filter. 

8 This ſemi-metal melts readily with moſt of the Metallic com- 
e other metals, but rejects mercury. Gold and iron are — 

e rendered more fulible by a due addition of manganeſe; 

n and the latter metal is rendered more ductile. Cop- 

le per becomes leſs fuſible, and is rendered whiter, but of a 

2 colour ſubject to tarniſh *. 

10 Regulus of manganeſe has been found native among Native manga - 
es the powdery or calciform ore of this metallic ſub- ,, 26 * * 


ſtance, Its properties, in this ſtate, perfectly reſem- 

ble the regulus produced by art: Manganeſe ap- 

pears to exiſt in the calcined ſtate in all its ores; 

though contaminated with admixtures of earths, or 

other metallic matters. They are, white, red, brown, 

or black; either pulverulent, indurated, or cryſtal- 
lized. Vegetable aſhes likewiſe afford indications of 

manganeſe. 

T8 analyſe the ores of PIR in the 3 Humid analy ſis. 
way, they muſt be reduced to a ſubtile powder, and 
immerſed in a mineral acid, with a piece of ſugar 

to aſſiſt the ſolution. If nitrous acid be repeatedly 

abſtracted to ignition frem the ore, the iron it con- . 
tains will be rendered nearly infoluble from calcina- | 
tion; and the manganeſe may be taken up by ſtrong 
concentrated vinegar, or diluted nitrous acid. This, 

when a by mild mineral alkali, — 180 


Annales de Chimie; i. 303. 52 
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MANGANESE. grains of precipitate for every 100 grains of regulus 
or if the metals be precipitated from ſuperabundant 
nitrous acid, by Pruſſian alkali, the manganeſe will be 
totally diſſolved by pure water, while the iron remains 

behind. | 
Spontaneous The ore of manganeſe, which is known in Derby- 
1 ſhire by the name of black wadd, is remarkable for 
its ſpontaneous inflammation with oil. It is of a dark 
brown colour, of a friable earthy appearance, partly 
in powder, and partly in lumps. If half a pound of 
this be dried before a fire, and afterwards ſuffered 
to cool for about an hour;. and it be then looſely 
mixed or kneaded with two ounces of linſeed oil; 
the whole, in ſomething more than half an hour, 
becomes gradually hot, and at length burſts into flame. 
This effect wants explanation. It ſeems, in ſome 
' meaſure, ta reſemble the inflammation of oils by the 

nitrous acid. | 

— of . The preſence of manganeſe may be aſcertained in 
the dry way, by the blow-pipe, from the ſingular 
changes of colour already deſcribed, when fuſed with 
microcoſmic ſalt, or borax. The reduction of the 
ore is effected by mixing it with pitch, making it 
into a ball, and putting it into a crucible lined with 
powdered charcoal, one tenth of an inch thick at the 
ſides, and one quarter of an, inch thick at the bottom; 
then filling the empty ſpaces with powdered charcoal, 
and luting on a cover. This muſt be expoſed to the 
ſtrongeſt heat of a forge, or furnace, for an hour, 
or more. As the calx of manganeſe is ſtrongly diſ- 
poſed to vitrification, fluxes rather impede than for- 


ward the reduction. The reduced globules of man- 
| | | ganeſe 


TE: — 7 
Pri — — — —— 
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ganeſe are uſually enveloped with a vitrified cruſt, MANGANESE. 


; which either partly or completely defends them from — 
: the action of the air; but, when they are broken, they ation. 
0 loſe their metallic brilliancy and conſiſtence in a very 
ſhort ſpace of time. | 

- Manganeſe has hitherto been uſed chiefly by glaſs- Uſes of man- 
r makers and potters; but the important diſcoveries of _— 
k the uſes of dephlogiſticated or atrated marine acid 
y will, no doubt, extend its utility to ſeveral other ma- 
ff nufactories *. 
d | | 
ly On manganeſe, conſult Scheele, 67y—14z ; Bergman, ii. 201t—225z 
Pk the Memoirs of Pelletier, Berthollet, &c. ; and the Abſtratts by 
r, Elementary Writers on Mineralogy, | 
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404 WOLFRAM. 


CHAP. XVI. 


CONCERNING WOLFRAM. 


* WNGSTEN and wolfram have already been 
— treated of in the ſection on acids; and the 
combinations of metals with the regulus of wolfram 
have been occaſionally mentioned under their reſpec- 
tive heads. Little elſe remains therefore to be ſaid 
of this metallic ſubſtance, than to ſpecify its general 
characters. 
1 and The yellow matter, or calx of wolfram, turns blue 
bitudes of : a 
the calx and by expoſure to light; and more intenſely, if to the 
regulus of wol- light of the ſun. By a ſtrong heat in a covered cry- 
cible, it becomes of a blueiſh black colour, with loſs 
of weight; which it recovers, together with its origi- 
nal yellow colour, hy calcination with acceſs of air. 
Theſe changes to the blue colour appear therefore 
to be partial reductions . One hundred grains of 
the yellow calx, or acid, being put into a crucible 
with charcaal powder, well covered, and expoſed to 
a ſtrong heat, became converted into a button of a 
dark brown colour, and friable, with a diminution of 
forty grains of the original weight. Its ſpecific gra- 
vity was 17.6; and, upon examination with a glaſs, 
a congeries of metallic globules was ſeen, ſome of 
them of the ſize of a pin's head; which, when broke, 
exhibited a fracture reſembling ſteel. Part of this maſs 


+ De Luyarts on Wolfram; page 38. 


being 
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being calcined, became yellow as at firſt, and gained wor raax. 
twenty-four per cent. in weight. It was not ſoluble N 
in vitriolic or marine acid; but the nitrous acid, and 
aqua regia, converted it again into the yellow calx. 
The yellow calx itſelf could not be vitrified. Acetous 
acid converted the yellow colour to a blue, 

When equal parts of ſulphur and the yellow calx with ſul- 

| were urged by a ſtrong heat, a blue friable maſs re- 2 

| mained, weighing leſs than one-fourth of the whole. 
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MOLYBDENA, 


mmm mand 
Characters of 
regulus of mo. 


lybdena. 


Habitudes with 
various ſub- 


ſtances. 


MOLYBDENA, 


CHAP. XVII. 


CONCERNING MOLYBDENA. 


OLY BDENA, like manganeſe and wolfram, 
has not been reduced into maſſes of any con- 
ſiderable magnitude; but has been obtained only in 
ſmall ſeparate globules, in a blackiſh brilliant maſs. 
It has been revived by a proceſs ſimilar to that by 
which regulus of manganeſe is obtained ; but it re- 
quires a moſt extreme degree of heat for that purpoſe. 
The globules are grey, brittle, and extremely infuſible. 
By heat it is converted into a white calx, which riſes 
in brilliant needle-formed flowers, like thoſe of anti- 
mony. Nitrous acid readily calcines and acidihes the 
regulus. Nitre detonates with it, and the remaining 
alkali combines with its calx. 
Detonation with nitre decompoſes the native mo- 
lybdena ; but ſolution in nitrous acid is the readieſt 


See alſo p. 221. way to. procure the acid of this ſubſtance. Pruſſian 


alkali, and alſo infuſion of galls, precipitate the acid 
from its ſolutions. When acid of arſenic is heated 


with molybdena, it converts part of the ſulphur into 


volatile vitriolic acid; which comes over, and com- 


bines with another portion, with which it iſes in 
the form of orpiment. No other acids but +4 ni- 


trous and arſenical have any action on 109+ 


lybdena. 
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The regulus of molybdena unites with ſeveral of the MoLYBDExA, 
metals, and forms brittle or friable compounds, W 
This mineral! is ſcarce. It is diſtinguiſhable from Diſtinctive 

black lead by its more ſhining ſcaly appearance, and TEE a 
marks paper with a more brilliant ſtroke ; and, as it 
reſembles no other ſubſtance, it does not require to 
be aſſayed. 


MOLYBDENA AND ITS REGULUS. 


Dd 4 CHAP, 


METALLIC 
SUBSTANCES, 


Uranite, or 
uranium. 


Deſcriptien of 
pitch-blende. 


URANITE, OR URANIUM. 


CHAP. XVIII. 
CONCERNING URANITE, OR URANIUM. 


HE celebrated profeſſor Klaproth has detected 
a new metallic ſubſtance in the mincral uſually 
diſtinguiſhed by the name of pech-blende, or pitch- 
blende, and ranged among the ores of zinc. As it is 
not reducible but with the moſt extreme difficulty, 
and then only into minute grains, it appears of little 
conſequence to enter into any formal deſeription of 
its metallic ſtate: for which reaſon, I ſhall follow 
the order of the profeſſor's analyſis in the prefent 
chapter*. 

The pitch-blende, or ore of uranite, is found in 
maſſes, or elſe ſtratified with other carths or minerals, 


in the Swediſh and Saxon mines. It conſiſts of two 


varieties: the firſt in maſſes of a blackiſh colour, in- 
clining to a deep ſteel grey, of little brilliancy ; its 
fracture is unequal and concave in the ſmalleſt parts. 
It is perfectly opake, conſiderably hard, and becomes 
convertible into a black powder by trituration. Its 
mean ſpecific gravity is about 7.5. The ſecond va- 
riety is uſually found in ſtrata, and is diſtinguiſhed 
from the former by a deeper black colour, intermixed 
with ſpots of red; its colour is more ſhining, and 


* Jonrnal de Phyſique, April 1780. 
approaches 


x” * 8 


ANALYSIS OF PITCH-BLENDE. . 409 


approaches that of coal; it is leſs hard, and, when uErarrie 
pulverized, it has a greeniſh tinge. 36643 

This mineral ſuffers no change before the blow-pipe. — by 

With mineral alkali it affords a a ſpongy, ſemi-opake, 25 
grey globule. With microcoſmic ſalt it melts, and 
affords a green tranſparent globule; and in both there 
are ſometimes ſeen ſmall globules of reduced lead. 
When the mineral is heated alone, in a proper veſſel, it 
gives out ſulphureous acid and ſulphur, with loſs of 
weight z but if it be afterwards kept ignited for a con- 
ſiderable time beneath a muffle, it gains ſome weight 
by calcination. 

The vitriolic acid acts very imperfectly upon pitch- Action of acids 

blende; but nitrous acid completely decompoſes it, * 
holding moſt part in ſolution, while a ſmall propor- 
tion of ſulphur, and ſome ſiliceous earth, fall down. 
Marine acid acts but imperfectly upon it;; but aqua 
regia diſſolves it, as well as the pure nitrous acid. 
This ſolution, after it had depofited a ſmall quantity 
of corneous lead, afforded large tranſparent cryitals 
by repoſe in the cold, which were of a faint yellowiſh 
green colour, and of a ſigure not eaſy to be aſcer- 
tained, a 

It was remarkable, that this ſubſtance was not pre- Precipitates. 
cipitable ſrom its ſolvents either by iron or zine; but 
volatile liver of ſulphur threw down a browniſh yellow 
precipitate, Nut-galls did not precipitate any thing, 
unleſs the ſuperabundant acid were neutralized by an 
alkali ; and, in this caſe, the precipitate by galls was of 
a chocolate brown. | 

A diſtinctive criterion of this metallic ſubſtance was, precipitates, 
its browniſh red colour when ſepatated by Pruſſian 

6 alkali ; 
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"METALLIC alkali; a circumſtance indeed common alſo to copper : 
SUBSTANCES: but this laſt metal falls down in flocks, whereas the 


former is uniformly ſeparated through the whole fluid · 
Volatile alkali uſually precipitates it of a yellow colour, 
more or leſs obſcure, according to the purity of the 
mineral, or of the alkali. The two fixed alkalis, when 
pure, precipitate it completely in the form of a lemon- 
coloured calx. Mild alkalis afford a paler calx. 


- Yellow calx of The yellow precipitate is very ſoluble in acids, and 


pitch- blende. 


affords cryſtals by combination with the vitriolic and 
acetons acids, Phoſphoric acid affords yellowiſh irre- 
gular flocks, ſparingly foluble in water. Alkalis do 
not difſolve the yellow matter either in the dry or 
humid way. 

Various attempts were made by the diſcoverer to 
revive it to the reguline ſtate. He triturated it with 
linſeed oil to the conſiſtence of a paſte, burned the oil 


in a roaſting teſt, then placed the remaining black 


powder in a crucible lined with charcoal, and well co- 
vered, and expoſed it to a violent heat; which operated 
a reduction of manganeſe in another crucible, but pro- 
duced no other change in the calx of uranite than to 
render it ſoluble in nitrous acid, with efferveſcence, 


heat, and eſcape of nitrous air. This altered calx was 


then put into an aſſayer's teſt, covered with borax, and 
mixed with charcoal, and the lid luted on. The heat 
of a porcelain furnace reduced it into a coherent maſs, 
conſiſting of very ſmall metallic globules agglutinated 


rogether. 


B O OK 
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B O OK II. 


PARTICULAR CHEMISTRY. 


SECTION Iv. 


OF MINERAL COMBUSTIBLE BODIES, AND 
THE DLAMOND. 


CHAN 
OF MINERAL COMBUSTIPLE BODIES. 


HE inflammable ſubſtances ſound in the mineral Mn A 
kingdom are—1. Inflammable air, called fire- Wong 
damp in the mines. 2. Hepatic air, which abounds =" 


in many hot baths, in mines, and in the neighbour- Enumeration. 


hood of volcanos. 3. Naptha ; a fine, thin, fragrant, 
colourleſs oil, which iſſues out of white, yellow, or 
black clays in Perſia and Media. This is highly in- 
flammable, and is not decompoſed by diſtillation. It 
diſſolves reſins, and the eſſential oils of thyme and 


lavender; but is not itſelf ſoluble either in ſpirit of 
wine 


— — — as 
— 
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MixERAL wine or ther. It is the lighteſt of all the ane enc 
3 fluids; its ſpecific gravity being 0.708. 4. Petro- 11. 
leum, which is a yellow, reddiſh, brown, greeniſh, of \ 
Petroleum. or blackiſh oil, found dropping from rocks, or iſſuing of 
from the earth, in the duchy of Modena, and in win 
various other parts of Europe and Aſia. This like- By 
wiſe is inſoluble in ſpirit of wine; arid ſeems to oil 

conſiſt of naptha, thickened by expoſure td the atmo- 13. 
ſphere. It contains a portion of the acid of amber. It h 

Bar badoes tar. 5, Barbadoes tar, which is a viſcid, brown, or black of 
* inflammable ſubſtance, inſoluble in ſpirit of wine, and 14. 
containing the acid of amber. This appears to be V 
Aſphaltum. the mineral oil in its third ſtage of alteration. 6. Aſ- four 
phaltum is a ſmooth, hard, brittle, inflammable ſub- perc 
ſtance, which melts eaſily, and burns without leaving then 
any aſhes, if it be pure. It is ſlightly and partially clab 
Mineraltallow, acted on by ſpirit of wine and æther. 7. Mineral the 
tallow, which is a white ſubſtance, of the conſiſtence and 
of tallow, and as greaſy, though more brittle. It whit 
was found in the ſea on the coaſts of Finland, in or b 
the year 1736; and is alſo met with in ſome rocky whit 
parts of Perſia, It is near one-fifth lighter than tal- in r 
low; burns with a blue flame, and a ſmell of greaſe, pear; 
leaving a black viſcid matter behind, which is morc flam 


Jet. difficultly confumed. 8. Jet, which is much harder the t 
than aſphaltum; ſuſceptible of a good poliſh; and the v 
glaſſy in its fracture. It is highly electrical, fuſible derg 


cence 


in a moderate heat, and inſoluble in ſpirit of wine. whic 

Pit coal. 9. Pit coal. Of this there are many varieties: they yerte 
appear to conſiſt of petroleum, conſolidated with an the | 

Peat, earth, chiefly of the argillaceous kind. 10. Peat is a crupt 
black inflammable earth, which is of a viſcid conſiſt- thin, 
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ence when freſh, but hardens by expoſure to the air. NA AN 
11. Turf conſiſts of mould, interwoven with the roots 3 
of vegetables. 12. Amber has been already treated 

of (204). It is inſoluble in water, and in ſpirit of Turf. Amber. 
wine; and no other acid but the vigriolic diſſolves it. 

By diſtillation it affords a ſmall portion of water, an 

oil of the nature of petroleum, and a peculiar acid. 

13. Sulphur is very abundant in the mineral kingdom. Sulphur, 
It has before paſſed under our obſervation, on account 

of its affording the vitriolic acid by combuſtion. 

14- Plumbago, or black lead. Plumbago. 


When we attend to the inflammable ſubſtances General obſer. 
vations 01 the 


found in the earth, or in the mineral kingdomgave may combuſtible 
perceive that very few, and moſt probably none of hee 
them, can be truly ſaid to belong to it; but have been mineral king- 
claborated in the bodies of animals or vegetables. From — 

. the turf that is pared from the ſurface of the earth, 

and owes its inflammability to the roots of vegetables 

which are mixed with it, we may deſcend to the peat, 

or black earth, of the moors; in many ſpecimens of 

which, vegetable remains are till perceptible ; though 

in moſt they appear to be deprived of every ap- 

pearance of their organic texture, their oily and in- 
flammable nature only remaining : and from thence 

the tranſition to pit-coal is eaſy. For if we refleQ on 

the vaſt revolutions which the earth has certainly un- 

dergone through a long courſe of ages; by means of 

which its ſurface has been broken, diſplaced, and in- 

yerted, from the actions of floods, earthquakes, and 

the great convulſions of nature cauſed by volcanic 
cruptions, it will be no improbable inference, that the 


thin, though extenſive, ſtrata of pit coal, as well as 
| | the 
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MINERAL the exſudations of naptha, petroleum, and their modi. 
FR rg fications, have all ariſen from the burying of extenſive 
———/ woody tracts of the ſurface, ſuch as are common in all 
——— uncultivated countries. And this probability will be 
combuſtible reduced to a certainty, when we advert to tlie natural 
matter found 8 3 k 

in the mineral hiſtory of pit coal, which is met with in all the various 
kingdom. ſtates of transformation. Whole trees are converted 

into pit coal, in ſuch quantities together as to exhibit 
entire foreſts; in which the roots, trunks, branches, 
bark, and even ſpecies, are diſcernible. Coal-pits and 
ſlate-quarries exhibit innumerable marks of impreſſions 
of leaves, and other indications of their vegetable ori- 

gin; and the analyſis of this combuſtible ſubſtance Il 
tends ſtill further to confirm this truth. On the other 
hand, if we attend to ſuch inferences as chemical the- 
ory might point out from the facts around us, we ſhall 
ſee how ſmall the probability is, that the mineral 
kingdom ſhould, after a certain limited time, contain 
inflammable bodies, if they were not occaſionally 
thrown into it, in conſequence of the operations car- 
ried on within organized ſubſtances. For all inflam- 
mable ſubſtances, tending to decompoſe the vital air of 
the atmoſphere, would, in proceſs of time, revert to 
the claſs of uninflammable bodies, if the operation of 
organized bodies, particularly of the vegetable kind, 
did not tend to diſengage the vital air again, and ren- 
der bodies combuſtible, which were not ſo when they 


became parts of thoſe ſubſtances. 


CHAP. 
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CHAP..II. 


CONCERNING THE DIAMOND. 


HE diamond is a mineral which, on ſeveral ac- D1amoxy. 
counts, appears worthy to compoſe an order by — 
itſelf. It is found in a ſandy earth in the hither of the diamond. 
peninſula of India, in the iſland of Borneo, and in the 
Brazils, The form of the diamond, when perfect, is 
that of an eight - ſided priſm. There are alſo cubical 
diamonds, which are ſuſpected to be of a different na- 
ture from the others. Diamonds are of a lamellated 
texture; and may be eaſily ſplit by a blow in a proper 
direction. The conſent of mankind has fixed an 
immenſe value upon this ſtone *®. The inimitable 
qualities to which this preference is attached, are its 
Us by hardneſs, 


The value of diamonds is reckoned by weight, at ſo much the 
carat. The carat uſed in this valuation is divided into four parts, 
called grains; but leſs than troy grains by one fifth: for 150 carats 
are equal to the troy ounge of 480 grains Rough diamonds, with- 
out any flaw or blemiſh, are valued at two pounds ſterling the ſingle 
carat; and the expence of cutting amounts to z4 pounds the carat, 
The value is greatly diminiſhed if the diamond be imperfect, or of 
a bad figure; and it increaſes rapidly with the ſize, To find the 
worth of a rough diamond, its weight in carats muſt be ſquared, 
and multiplied by two, and the product will be pounds ſterling. 
A cut or finiſhed diamond is worth four times as much as one that 
is ſill rough, Thoſe of the greateſt brilliancy are ſometimes valued 


at a higher rate; but this value has never been applied to ſtones 
| of 
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DIAMOND. hardneſs, which is ſuch that it eaſily cuts all other ſub. 
eee ſtances, and takes a moſt exquiſite and laſting poliſhs, 
. — of and its very great refracting power, which is ſuch as 

to occaſion all the light to be reflected which falls on 
any of its interior ſurfaces at a greater angle of inci- 
dence than 245 degrees. Hence its luſtre, when cut 
into the form of a regular ſolid, is very great. This 
may be eafily underſtood, when it is conſidered that 
an artificial gem of glaſs does not reflect the light from 
its hinder ſurface, until that ſurface is inclined in an 
angle of 41 degrees. The diamond therefore will not 
only throw back all the light which an artificial gem 
would reflect, but likewiſe one half as much more; 
which, falling between the angles of 41 deg. and 24;, 
would have been ſuffered to paſs through by the falſe 
gem. It is not ſurpriſing therefore that- the effect of 
the diamond ſhould be fo much greater; more eſpe- 
cially when we attend to its extreme tranſparency, 
and the accuracy of its poliſh. 
—folublein No ſolvent but the vitriolic acid has any effect 
ENTS 4 on this gem in which if diamond powder. be tri- 
turated, and evaporation carried on nearly to dryneſs, 
the acid grows black, and depoſits pellicles that burn, 
combuſtible. and are entirely conſumed. In a heat ſomewhat 
greater than is required to melt ſilver, the diamond 
is entirely volatilized, and conſumed with a flight 
flame; diminiſhing common air, and leaving a foot 
behind, 


of exceſſive magnitnde. It does not appear that any ſum exceeding 
one huhdred and fifty thouſand pounds has been given for a diamond, 
See Magellan's improved edition of Cronſtedt's Mineralogy, for 

a coafiderable maſs of entertaining information on this ſubject. 
| Diamonds 
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Diamonds are of all colours: the clear tranſparent DIamoxps. 
ſtones are the moſt eſteemed; and, next to them, thoſe TTY —_ 
of a deeper tinge. Whether theſe coloured ſtones be monds. 
really of the ſame nature as the clear diamond, has 
not been aſcertained. The lapidaries reckon them to 
be diamonds from their hardneſs aud luſtre. 
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PARTICULAR CHEMISTRY, 


—ͤ — 
SECTION v. 


CONCERNING THE PRODUCTS OF THE 
VEGETABLE KINGDOM. 


CHAP, I. 


OF THE STRUCTURE AND COMPONENT PARTS OF 
+ ORGANIZED SUBSTANCES. 


VARIETY of changes takes place among the oncanizer 
great maſs of minerals which come under our SUBSTANCES, 
obſervation near the ſurface of the earth. Theſe, G:neral obſers 
conſidered individually, appear to be effected chiefly tions. 
by virtue of the chemical attractions or affinities, aſſiſt- 
ed by thoſe yariations of poſition and of temperature 
which ariſe from external cauſes; ſuch as the ſolar 
light, or the alterations which the capacities of other 
bodies undergo. But in yegetables and animals there 
| E e 2 is 
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ORGANIZED 


SUBSTANCES. 


6 
The parts of, 
organized bo- 
dies conſtitute 
apparatus for 
performing 
chemical ope- 
ratious. 


Vegetable bo- 
es. 


THE STRUCTURE OF 


is an expreſs organization of parts, which evidently 
appears to have been deſigned by the Supreme Intelli- 
gence for the purpoſe of uniting the powers of me- 
chaniſm to thoſe of chemiſtry. It does not imme- 
diately coincide with our preſent intention, to take 
any notice of ſuch effects as are produced by the muſ- 
cular exertion of animals, or any part of their ſtruc- 
ture, except ſo far as they modiſy the chemical pro- 
ceſſes carried, on within them. In this point of view, 
we may conſider the ſolid or conſiſtent parts of vege- 
tables and animals as compoſing an apparatus for 
performing a number of chemical proceſſes with the 
fluids that circulate through them. It is true indeed 
that this whole -ſeries of operations is, ſor the moſt 
part, performed with ſuch a minute ſet of veſſels; 
at the ſame time that the bodies applied to each other, 
to exerciſe their reſpective chemical attractions, 
ſeem in general to be reduced fo near their firſt prin- 
ciples ; that in the preſent ſtate of our knowledge 
we can ſcarcely proceed farther than to aſſert, that 
the effects are really produced by an application of 
the moſt ſublime chemiſtry : but theſe difficulties 
ought rather to encourage than depreſs our attempts 
to arrive at a more intimate knowledge of the pow- 
ers of nature. | : 
The organs of vegetables appear to conſiſt chiefly 
of tubes, adapted to imbibe fluid matter from the 
earth. This fluid, which is moſtly water, riſes either 
by the capillary attraction, by the alternate expanſions 
and contractions which depend on temperature, or 
by other means; and depoſits its impregnations dur- 


ing its tranſition through the veſſels of the plant. 
The 
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The action of the ſolar light, the agitation produced oxcantzeD 
by winds, and the nature of the circumambient air, $7 5$TAXCES. 


are of great importance in theſe proceſſes. It is Vegetable bo. 
known that vegetables do not thrive in vital air; “es. 
that they abſorb fixed air; and that they emit vital 
air during the action of light, more eſpecially the 
ſtrong light of the ſun. That they emit plentiful 
exhalations of various kinds, is obvious from their 
ſmell; from the humidity of countries abounding 
with woods; as well as from the conſideration of 
the ſhort time that would be required to dry the 
leaves of vegetables, if they did not conſtantly receive 
a ſupply of moiſture to recruit what they mult loſe 
by conſtant evapotation. We fee therefore that 
plants are aſſemblages of veſſels, in which water and 
aerial fluids are received; and by ſucceſive mixtures, 
filtrations, evaporations, or depoſitions, are either de- 
' compoſed, or form new compounds, Thus it may 
ariſe from the decompoſition of water itſelf, that they 
emit vital air; while the other principle, or inflam- 
mable air, is retained, and enters into the compoſition 
of their combuſtible parts. Or, if the decompoſition 
of water be denied, the vital air may ariſe from the 
abſorption of fixed airz whoſe combuſtible principle 
(whether it be ſuppoſed to be inflammable air, as 
ſome philoſophers infer ; or charcoal, according to 
others) may be retained, and anſwer a like purpoſe; 
ſince both theſe ſubſtances are obtained in the in- 


flammation of vegetables. | 
Animal bodies are of a much more elaborate ſtruc- Animal bodies. 


ture. In theſe there is a proviſion for mechanically 
dividing ſolid bodies by maſtication, which anſwers 
A the 
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STRUCTURE OF ANIMALS. 


ORGANIZED the ſame purpoſe as grinding, pounding, or leviga- 
SUBSTANCES. tion, does in our experiments; namely, that of en- 
Animal bodies. larging the quantity of ſurface to be acted upon by 


Page 191. 


ſolvents. The proceſs carried on in the ſtomach 
appears to be of the ſame kind as that which we 
diſtinguiſh by the name of digeſtion z and the bowels, 
whatever other uſes they may ſerve, evidently form 
an apparatus for filtering, or conveying off, the fluids ; 
while the more ſolid parts of the aliments, which are 
probably of ſuch a nature as not to be rendered fluid 
but by an alteration which would perhaps deſtroy 
the texture of the machine itſelf, are rejected as uſe- 
leſs. When this filtered fluid paſſes into the circu- 
latory veſſels, through which it is driven with conſi- 
derable velocity by the mechanical action of the heart, 
it is not only ſubjected to all thoſe changes which 
the chemical action of its parts is capable of pro- 
ducing, but is likewiſe expoſed to the air of the 
atmoſphere in the lungs, into which that elaſtic fluid 
is repeatedly admitted by the act of reſpiration. Here 
it undergoes a change of the ſame nature as happens 
to other combuſtible bodies when they combine with 
its vital part. This vital part becomes condenſed, and 
combines with ſome principle emitted from the blood; 
at the ſame time that it gives out a large quantity of 
heat, in conſequence of its own capacity for heat being 
diminiſhed. It has not been aſcertained whether the 
ſubſtance which converts the inſpired vital air into 
fixed air (of which a portion is expired from the lungs 
together with the noxious or phlogiſticated air) be 
inflammable air or charcoal; and it has likewiſe been 
doubted whether any part of the vital air is abſorbed - 
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by the blood. Later experiments of Dr. Prieſtley oxcanze» 
ſhew, however, that this laſt event does actually take 3 


place “. 


It would lead us too far from our purpoſe, if we Secretions, or 


combinations 


were to attempt an explanation of the little we know of vegetable 


reſpecting the manner in which the ſecretions, or 
combinations, that produce the various animal and 
vegetable ſubſtances, are effected; or the uſes of thoſe 
ſubſtances in rhe ceconomy of plants and animals. 
Moſt of them are very different from any of the 
products of the mineral kingdom. We ſhall there- 
fore only. add, that theſe organized beings are ſo 


contrived, that their exiſtence continues, and all their 


functions are performed, as long as the veſſels are 
ſupplied with food, or materials, to occupy the place 
of ſuch as are carried off by evaporation from the 
ſurface, or otherwiſe; and as long as no great change 
is made, either by violence or diſeaſe, in thoſe veſſels, 
or the fluids they contain. But as ſoon as the entire 
proceſs is interrupted in any very conſiderable degree, 
the chemical arrangements become altered; the tem- 
perature in land animals is changed; the minute veſſels 
are aQed upon, and deſtroyed; life ceaſes; and the 
admirable ſtructure, being no longer ſuſſiciently per- 
fect, loſes its ſigure, and returns, by new combina- 
tions and decompoſitions, to. the general maſs of unor- 
ganized matter, with a rapidity which is uſually 
greater, the more elaborate its conſtruction. 

The parts of vegetable or animal ſubſtances may 
be obtained, for chemical examination, either by ſim- 


„ Phil. Tran, Ixxx. 106. 
Ee 4 


ple 


and animal 
ſubſtances. 


Nutrition. 


Diſeaſe. 


* 
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08GANIZED ple preſſure, which empties the veſſels of their con- 
SUBSTANCES. tents; by digeſtion in water, or in other fluids, 
Various me- which diſſolve certain parts, and often change their 
thods of lebe nature; by deſtructive diſtillation, in which the appli- 


rating the parts a 
of animal or cation of a ſtrong heat alters the combination of the 


vegetable ſub- 

ſtances. parts, and cauſes the new products to paſs over into 
the receiver, in the order of their volatility z by ſpon- 
taneous decompoſition, or fermentation, wherein the 
component parts take a new arrangement, and form 
compounds, which did not, for the moſt part, exiſt in 
the organized ſubſtance; or, laſtly, the judicious che- 
miſt will avail himſelf of all theſe ſeveral methods, 
fingly, or in combination. He will, according to 
circumſtances, ſeparate the parts of an animal or ve- 
getable ſubſtance by preſſure, aſſiſted by heat; or by 
digeſtion, or boiling in various fluids added in the 
retort which contains the ſubſtance under examina- 
tion. He will attend particularly to the products 
which paſs over, whether they be permanently elaſ- 
tic, or ſubject to condenſation in the temperatures we 
are able to produce. In ſome caſes, he will ſuffer 
the ſpontaneous decompoſition to. precede the appli- 
cation of chemical methods; and in others he will 
ji attentively mark the changes which the products of 
his operations undergo in the courſe of time, whe- 
ther in cloſed veſſels, or, expofed to the open air. 
Thus it is that, in ſurveying the ample field of na- 
ture, the philoſophical chemiſt poſſeſſes numerous 
| means of making diſcoveries, if applied with judg- 
| went and ſagacity; though the progreſs of diſcovery, 
1 
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fo far from bringing us nearer the end of our purſuit, 
appears continually to open new ſcenes; and, by en- 


| | 2 | larging 
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larging our powers of inveſtigation, never fails to point 23 

out additional objects of enquiry. | 1 
In treating of the products of the vegetable king- vegetable pro- 

dom, we ſhall attend rather to the proceſſes by which Wels arranged 

we obtain them, than to any arrangement ſuppoſed to 

exiſt among their principles. In this way, the order 

will conſiſt, firſt of principles not ſaline, obtained in 

a degree of heat, not exceeding that of boiling water; 

ſecondly, ſaline principles, obtained by preſſure, or 

mere ſolution in water or ardent fpirit ; thirdly, ſaline 

principles, obtained by ſtrong heat, or by the action of 

nitrous acid; fourthly, the products of deſtructive di- 

ſtillation; and, laſtly, the products of ſpontaneous de- 

compoſition, or fermentation. 


CHAP. 
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VEGETABLYP 
PRINCIPLES. 


Fuices and ex- 
tracts. 


Purification, 


Manipulation. 


VEGETABLE PRINCIPLES, NOT SALINE. 


CHAP. II. 


7 


CONCERNING SUCH PRINCIPLES OF. VEGETABLES 43 
Do NOT EXHIBIT SALINE PROPERTIES, AND ARE 
OBTAINED WITHOUT THE APPLICATION 
OF ANY GREATER HEAT THAN THAT 
OF BOILING WATER, AND WITHOUT 
THE ACTION OF ANY SOLVENT 
BUT WATER, OR ARDENT 

SPIRIT, 


2 immediate principles of vegetables, which 
do not evidently exhibit ſaline properties, are 
called juices, when they flow out of inciſions made 
in the living plant, or are obtained by ſimple preſſure ; 
and extracts, when rendered thick by evaporation 
of part of the water they contain. 'The juices of 
plants are purified by ſuffering their groſſer parts to 
ſubſide, or by filtration. In ſome caſes, the fluid is 
rendered clearer, by Gmply heating it in a water- 
bath, which cauſes part to take the form of a coagu- 
lum. | 

Dry plants, or woods, or ſeeds, are either raſped, 
pounded, or ground, to ſeparate their parts, and may 
be macerated, boiled, or digeſted' in water, or ſpirit 
of wine; or the inſoluble parts may be ſubjected to 


preſſure, to force out their fluid contents. Theſe 


fluids may be purified by means ſimilar to thoſe which 


are applied to the expreſſed juices of plants. 
| The 


ENUMERATION. 


The principles of plants which are not of a ſaline vEGETABLE 
PRINCIPLES, 


nature, and are obtained without deſtroying them by 


heat, are — 1. Gum, or mucilage, which is ſoluble in Enumeration of 

ſuch principles 
of vegetables as 
are not ſaline. 


water, but not in ardent ſpirit. 2. Sugar, which is 
ſoluble both in water and in ardent ſpirit. 3. Starch, 
which, though inſoluble in either of theſe fluids, forms 
a paſte with water, eſpecially if heated. 4. Vegetable 
gluten, which is neither ſoluble nor diſſuſible in water 
or ardent ſpirit ; has a tenacious conſiſtence when re- 
cently prepared ; but does not imbibe water after it has 
once been dried. 5. Fat oils, which are inſoluble in 
water or ardent ſpirit, and are either fluid, or ſuſible, 
without alteration, by a moderate heat. 6. Volatile 
or eſſential oils, which are ſoluble in ardent ſpirit, but 
not in water, and riſe totally in diſtillation. 7. Cam- 
phor, which differs from eſſential oils in being more 
concrete, more volatile, and in being totally ſoluble, 
without alteration, in concentrated acids. 8. Reſins, 
which differ from eſſential oils, in being decompoſable 
by heat; and from camphor, in being changed by 
acids. 9. The aromatic principle, or vegetable prin- 
ciple of ſmell. 10. Colouring matters. 


The juices or extracts of plants, in general, contain Juices or ex- 


both gum and reſin, which may be ſeparated by their 
reſpective ſolvents, water and ardent ſpifit. Theſe 
appear to exilt together in the plant, forming a com- 

pound of a ſoapy or ſaponaceous nature. | 
Gum is a ſubſtance very well known. It is uſually 
tranſparent, more or leſs brittle when dry, and gives 
a thick, viſcid, and glucy conſiſtence to water in which 
it is diflolved, Gum is uſually obtained by wounding 
| the 


tracts. 


Gum. 
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MUciLAGE. SUGAR, 


VEGETABLE the trunks or branches of trees, ſuch as the plum, the 


PRINCIPLES. 


— or 
gum. 


pear, the cherry tree, & e.; and is diſtinguiſhed by va- 
rious denominations, accordiny to the plant from which 
it is obtained. It is obſervable that ſaccharine fruits, 
when ſour and unripe, are found to contain gum, and 
an acid; whence the ſaccharine matter ſeems to be 
ſormed of theſe principles. This is rendered much more 
probable from the conſideration that gum and ſugar 
afford nearly the fame products by heat, or by diſtilla- 
tion with the nitrous acid, as we ſhall hereafter ſhew. 

Sugar may be reckoned among mucilages or gums : 
it appears to be brought nearer to the faline ſtate. 
Ardent ſpirit diffolves it as well as water. The pecu- 
lar taſte of this ſubſtance” indicates its prefence in a 
number of ſruits and other vegetables; but ir is moſt 
plentifully obtained from the ſugar cane, which is 


Mannfafture of cultivated in warm climates. The juice of the plant 


lagas, 


is expreſſed by paſſing it between two cylinders of iron, 
placed perpendicularly. This fluid, which is thick 
and tenacious, is boiled together with lime and alum, 
and is afterwards ſuffered to cryſtallize by ſtanding in 
a veſſel, in the bottom of which are holes imperfectly 
topped, in order that the ſyrup may.drain off, The 


proceſs of refining ſugar appears to be capable of con- 


fiderable improvement. It is not clearly aſcertained 
what effect the lime and alum have upon the proceſs; 
but it is highly probable that 'a part of the ſugar 1s 
burned in the boiling, and converted into an acid, 
which combines wich the lime, and would elſe impede 
the cryſtallization of the ſugar, The coarſe ſugar thus 
produced, is refined by ſubſequent ſolution in water, 
and boiling with a ſmall proportion of lime, together 


with 
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with bullock's blood or eggs. Theſe fluids, which are v renne 
at firſt diffuſed through the liquox, have the property of **7N©1? 258+ 
becoming concrete, as the temperature increaſes, and vl nuſactute of 
riſe in the form of ſkum to the ſurface of the fluid, — 
carrying with them the impurities, and rendering it 

more clear and tranſparent. The filtered liquor is 

then either poured into moulds, in which, by a con- 

fuſed cryſtallization, it forms loaf ſugar; or elſe it is 

expoſed in heated rooms, where, by a gradual cryſtal- 

lization, it forms ſugar-candy. | 

The habitude of ſugar with water greatly reſembles 
that of ſalts; but it has not been aſcertained that it 
contains any ſalt ready formed, except a ſmall propor- 
tion of alkali. Ir is more inflammable than gums. 

Flour, or the pulverized ſubſtance of farinaceous Flour, or the 
ſeeds, has a ſtrong analogy to the gummy and ſaccha- 2 _ 
rine mucilages. Theſe ſeeds, if moiſtened, and expoſed 
to a moderate or ſummer temperature, become in a 
great meaſure converted into ſaccharine mucilages, as 
happens in the proceſs of converting barley into malt. 

Wheat flour may be taken as an example of the com- Wheat flour 
poſition of theſe ſeeds, before they begin to vegetate ages 9 
aſreſn. If this be made into a paſte, and waſhed in 
a large quantity of water, it is ſeparated into three 
diſtinct ſubſtances; a mucilaginous ſaccharine matter, 
which is really diflolved in the liquor, and may be 
ſeparated from it by evaporation; ſtarch, which is 
ſuſpended in the fluid, and ſubſides to the bottom by 
repoſe z and gluten, which remains in the hand, and is 
tenacious, very ductile, fomewhat elaſtic, and of a 
brown grey colour. The firſt of theſe ſubſtances 
does not eſſentially differ from other ſaccharine muci- 
| lages. 
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VEGETABLE lages. The ſecond, namely the ſtarch, forms a gluey 
PRINCIPLES. fluid by boiling in water, though it is ſcarcely, if at all, 
— nn 


Starch. 


ated upon by that fluid, when cold. Its habitudes and 
products with the fire, or with nitrous acid, are nearly 
the ſame as thoſe of gum, and of ſugar. It appears 
to be as much more remote from the ſaline ſtate than 
gum, as gum is more remote from that ſtate than 


ſugar. : 


Vegetable glu- The vegetable gluten, though it exiſted before the 


ten. 


Fat oils. 


waſhing in the pulverulent form, and has acquired its 
tenacity and adheſive qualities from the water it im- 
bibed, is nevertheleſs totally inſoluble in that fluid. It 
has ſcarcely any taſte. When dry it is ſemi-tranſpa- 


rent, and reſembles glue in its colour and appearance. 
If it be drawn out thin, when firſt obtained, it may be 


dried by expoſure to the air; but, if it be expoſed to 


warmth and moiſture while wet, it putrefies like an 
animal ſubſtance. The dried gluten, applied to the 
flame of a candle, crackles, ſwells, and burns, exaQly 
like a feather or piece of horn, It affords the ſame 
products by deſtructive diſtillation as animal matters 


do; is not ſoluble in ardent ſpirit, oils, or ether; and 


is ated upon by acids and alkalis, when heated. 


Fat oils are obtained by preſſure from the emulſive 
ſeeds or kernels of vegetables: they are generally fluid 
in the temperature of the atmoſphere, but ſome of 
them have a conſiderable degree of firmneſs or ſolidity. 
They have a very ſmooth feel; are moſtly without 
ſmell or taſte ; require a degree of heat much ſuperior 
to that of boiling water, to cauſe them to riſe in ebul- 
lition; and cannot be ſet on fire, unleſs heated to this 


degree. 
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degree. The uſe of the wick of a lamp conſiſts in vEGETABLE 
bringing ſmall portions of oil to its extremity, by the EDT 
capillary attraction, where they become ſucceſſively Fat oils; 
volatilized and inflamed. Oils are remarkably leſs 
ſonorous than water, when poured out. Fat oils, not 

being at all diſſipated by the heat of the atmoſphere, 

make a permanent greaſy ſpot when they fall on po- 

rous ſubſtances. 

Theſe oils are decompoſed by diſtillation, and afford 5 
a ſmall quantity of water loaded with a peculiar acid, N 
a light oil, a denſe oil, inflammable air, and fixed air. 

The reſidue conſiſts of a ſmall quantity of charcoal. 

Fat oils, by expoſure to the air, become rancid; and —habitudes 
exhibit a diſengaged acid, which may be waſhed off no hg 0% agg 
by water. When they are expoſed to the air in a ſubftances. 
thin coat upon the ſurface of water, they become more 
conſiſtent, like. wax, by abſorbing the vital part of the 
atmoſphere; the atrated or dephlogiſticated marine 
acid produces this change more ſpeedily. Agitation 
in water ſeparates a mucilage from them. They com- 
bine with magneſia, and with lime, which convert them 
into ſaponaceous compounds. With the pure alkalis 
they form common ſoap. They do not unite with the 
volatile alkali but by long trituration. 

The mineral acids unite with fat oils, and form com- 
pounds, or imperfect ſoaps. Fuming "nitrous acid 
cauſes them to take fire, as has already been obſerved. 

Sulphur is ſoluble in fat oils, by a digeſting heat; and 
is gradually depoſited in part from them, in a cryſtal- 
line form, by cooling. 

Theſe ſulphureous compounds are called balſams 
of ſulphur, | f 


Bitumens 


_ PRINCIPLES, 
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VEGETABLE Bitumens and amber are ſoluble in fat oils, and form 

varniſhes. 

V . ef. Volatile or eſſential oils have uſually a firong aro- 
matic ſmell, are ſufficiently volatile to riſe with the 
heat of boiling water, and are in general ſoluble in 
ſpirit of wine. They exiſt in almoſt all fragrant ve- 
getables; and in the various plants they are found 
either in the wood, the root, the bark, the leaves, the 
flowers, the fruits, &c. They differ very much in the 
degree of fluidity they poſſeſs at a common tempera- 


obtained by ture, and their colours are various. They are' ob- 


— ” tained either by expreſſion, as from the peel of 
oranges and lemons, or by diſtillation with water, 
Some eſſential oils, ſuch as thoſe of cinnamon, ſaſſafras, 
and other foreign plants, fink to the bottom of the 
water with which they come over ; others float at the 
top. It is eaſy to diſtinguiſh the adulteration of vola- 
tile oils, either by pouring ardent ſpirit upon them, 
which will not diſſolve the fat oil they may be conta- 
minated with; or if they be dropped on paper, and 
held to the fire, in this caſe they leave a greaſy ſpot 
behind. If oil of turpentine be fraudulently added to 
them, its ſmell betrays its — when treated in 


this manner. 
—are inflam- Volatile oils are very e By expoſure to 
* air, they become thick in proceſs of time, and aſſume 
the character of reſins. 


Combinations, They unite with difficulty to lime and alkalis. The 
| vitriolic acid converts them into bitumens; but, if di- 
luted, it renders them ſaponaceous, as does likewiſe the 

muriatic acid. Nitrous acid inflames them. 


They unite very readily with ſulphur, and form bal- 
ſams. 
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fams. Mucilages and ſugar render them ſoluble or veceTaBLE 
diffuſible in water. PREP ITE 

Camphor is a peculiar veguinbly ſubſtance, which Camphor. 
reſembles volatile oil, and is in fact depoſited from 
ſome of thc volatile oils by long ſtanding. It has 
been obrained in ſmall quantities by diſtillation with 
water from thyme, roſemary, ſage, aud other fragrant 
plants. The camphor of commerce is obtained from a 
ſpecies of laurel, which grows in China and the Indian 
iflands, by diſtillation of the wood and other parts of | 
the tree with water. 'The camphor riſes by the heat, | 
and is afterwards purified by a repetition of the pro- 
ceſs, with the addition of about one-twelfth of its 
weight of lime. 

This ſubſtance is much more volatile than eſſential Characters of 
oils. It cannot be preſerved without loſs, but in cloſed a 
veſſels, and even in theſe it ſublimes by the heat of 
ſummer. Water does not diſſolve it; but it is plenti- 
fully ſoluble in ſpirit of wine, in ether, and in concen- 
trated acids; from all which it ãs ſeparated, without 
alteration, by the addition of water. Fixed and vola- 
tile oils diſſolve camphor, with the aſſiſtance of hegt, 
and depoſit cryſtals in the form of a beautiful vege- 
tation by cooling. = 

A peculiar acid is formed by diſtillation of the ni- —its acid. 
trous acid from this ſubſtance. 

Reſins are dried juices of plants, which are of the Reſins, how 
nature of eſiential oil. They uſvally flow from wounds her, 
made in the trunks of trees for that purpoſe. Fragrant 
reſins have been diſtinguiſhed by the name of balſams. 

Almoſt all the concrete juices, diſtinguiſhed by the 
name of reſins, are ſoluble in ardent ſpirit. Water 
Ff diſſolves | 
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VEGETABLE Bitumens and amber are ſoluble in fat oils, and form 
PRINCIPLES, varniſhes. 
Vs..or ef. Volatile or eſſential oils have uſually a * aro- 
matic ſmell, are ſufficiently volatile to riſe with the 
heat of boiling water, and are in general ſoluble in 
ſpirit of wine. They exiſt in almoſt all fragrant ve- 
getables; and in the various plants they are found 
either in the wood, the root, the bark, the leaves, the 
flowers, the fruits, &c. They differ very much in the 
degree of fluidity they poſſeſs at a common tempera- 
obtained by ture, and their colours are various. They are ob- 
— ” tained either by expreſſion, as from the peel of 
oranges and lemons, or by diſtillation with water, 
Some eſſential oils, ſuch as thoſe of cinnamon, ſaſſafras, 
and other foreign plants, ſink to the bottom of the 
water with which they come over; others float at the 
top. It is eaſy to diſtinguiſh the adulteration of vola- 
tile oils, either by pouring ardent ſpirit upon them, 
which will not diſſolve the fat oil they may be conta- 
minated with; or if they be dropped on paper, and 
held to the fire, in this caſe they leave a greaſy ſport 
behind. If oil of turpentine be fraudulently added to 
them, irs ſmell betrays its preſence when treated in 
this manner. | 
e inflam- Volatile oils are very inflammable. By expoſure to 
IN air, they become thick in proceſs of time, and aſſume 
the character of reſins. 
Combinations, 'They unite with difficulty to lime and alkalis. The 
vitriolic acid converts them into bitumens; but, if di- 
luted, it renders them ſaponaceous, as does likewiſe the 
muriatic acid. Nitrous acid inflames them. 


They unite very readily with ſulphur, and form bal- 
ſams. 


CAMPHOR. RESINS. 


fams. Mucilages and ſugar render them ſoluble or veceTaBLE 


diffuſible in water. 


PRINCIPLES.» 


— nn 
Camphor is a peculiar mainly ſubſtance, which Camphor. 


reſembles volatile oil, and is in fact depoſited from 
' ſome of the volatile oils by long ſtanding. It has 
been obrained in ſmall quantities by diſtillation with 
water from thyme, roſemary, ſage, and other fragrant 
plants. The camphor of commerce is obtained from a 
ſpecies of laurel, which grows in China and the Indian 
| ifands, by diſtillation of the wood and other parts of 
the tree with water. The camphor riſes by the heat, 
and is afterwards purified by a repetition of the pro- 
ceſs, with the addition of about one-twelfth of its 
weight of lime. 


This ſubſtance is much more volatile than efſential Characters of 


oils. It cannot be preſerved without loſs, but in cloſed * 
veſſels, and even in theſe it ſublimes by the heat of 
ſummer. Water does not diſſolve it; but it is plenti- 
fully ſoluble in ſpirit of wine, in ether, and in concen- 
trated acids; from all which it4s ſeparated, without 
alteration, by the addition of water. Fixed and vola- 
tile oils diſſolve camphor, with the aſſiſtance of hegt, 
and depoſit cryſtals in the form of a beautiful vege- 
tation by cooling. 


A peculiar acid is formed by diſtillation of the ni- —its acid. 


trous acid from this ſubſtance. 


Reſins are dried juices of plants, which are of the Reſins, how 


nature of eſiential oil. They uſvally flow from wounds. 
made in the trunks of trees for that purpoſe. Fragrant 
reſins have been diſtinguiſhed by the name of balſams. 
Almoſt all the concrete juices, diſtinguiſhed by the 
name of reſins, are ſoluble in ardent ſpirit. Water 
Ff Aiſſolves 
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ſmell in vege- 


RESINS, AROMATIC PRINCIPLE, 


diſſolves none of them. They are inflammable, and 
burn with much ſmoke. In-cloſed veſſels they do not 
riſe wholly by heat, like eſſential oils, but are decom- 
poſed. ENTRE 

A very conſiderable number of reſinous ſubſtances 
are known and uſed in the arts. Common reſin of the 
pine, the reſin of the fir, pitch, tar, and turpentine, are 
among thoſe which are ſoluble in ſpirit of wine, and 
are of the nature of eſſential oils. Copal, and the elaſ- 
tic ſubſtance called caoutchouc, which is the inſpiſſated 
juice of a tree from Africa, are uſually reckoned 
among reſins; though neither ſpirit of wine nor water 
diſſolves them. They are ſoluble however in oils, by 
the aſſiſtance of heat, and ſeem to be of the nature 
of fat oils. The juices called gum reſins are variouſly 
ſoluble in the different menſtruums, according to the 
nature and abundance of their component parts. 


The, principle of ſmell in plants appears to be of 
an exceedingly ſubtile nature. It ſeems in general to 
refide in the eſſential oil, and compoſes an extremely 
ſmall part of the weight of vegetables, as may be in- 
ferred from the loſs of fragrance ſuſtained by eſſential 
oils, with little or no loſs of their weight. This how- 
ever does not neceſſarily ſuppoſe that the whole prin- 
ciple of ſmell has flown off; becauſe it may with equa! 
probability be ſuppoſed to have entered into combina- 
tion with ſome of the other principles of the ſubſtancc 
which afforded it. Diſtillation with ſpirit of wine ! 
uſed to extract the fragrant principle from plants. 4 
conſiderable proportion of this matter may be obtained 
by diſtillation with water, in which it comes ore! 

4 probad!\ 


VEGETABLE COLOURING MATTER. 


oil. It has been ſuppoſed to conſiſt of an elaſtic flui 
of a peculiar nature. | 


tables is of great importance to ſociety, as the art o 
dycing depends on the application of theſe ſubſtances, 
Much however remains to be aſcertained concerning 
them. If the doctrine of Newton were incontro- 
vertibly eftabliſhed, that the colours of bodies depend 
ſolely upon the magnitude of the integrant particles 
of bodies, we might aſſert, without heſitation, that all 
the principles of bodies might be applied in theory to 
the production of any aſſignable colour; and we might 
thence infer, that the colour of plants is not produced 
by the diffuſion of coloured particles of any particular 
kind, but by the configuration of the parts taken in 
general. But we are not ſufficiently advanced in any 
part of the knowledge of nature, to reaſon with ſafety, 
without conſtant recurrence to the teſt of experiment. 


many inſtances, deprive plants of their colour, at the 
ſame time that they themſelves acquire · it; doubtleſs 
by ſolution of the colouring matter, which they again 
depoſit upon bodies prepared for that purpoſe. Water 
diffolves the colouring matter of various ſubſtances, 
ſuch as logwood, madder, &c. The ſtuffs to be dyed 
require, in many caſes, the previous ſoaking in a ſolu- 
tion of alum, vegetable alkali, or other ſalts, to pre- 
vent their giving the colour out again to water. Other 
colouring principles are ſoluble in oils, ſuch as alka- 

net; and many which are not ſoluble in water, are 


F f 2 taken, 


probably diffuſed with a ſmall proportion of eſſential VEGETABLE 
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The knowledge of the colouring matters of vege- Colouring mat- 
f ders: 


In this way we find that thé chemical ſolvents, in are taken up 
by chemical 
ſolvents, 
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VEGETABLE taken up that fluid, by the intervention of an alkali. 
FI PN The art of dyeing, or of fixing colouring matter upon 
Art of dyeing. various ſtuffs, appears to depend upon the chemical 
alunities of the colouring matters either with the ſtufts 
themſelves, or the matters in which they are previouſly 
infuſed. The condition required in a good dye ap- 
pears to. be, that the colouring matter ſhall be preci- 
pitated on the ſtuff, and form a compound not ſoluble 
in the liquids to which the ſtuff will probably be ex- 
poſed. Thus, for example, printed or dyed linens or 
cottons ought to reſiſt the action of ſoap and alkalis; 
and woollens ought more particularly to withſtand the 
action of acids, ſuch as lemons, vinegar, & c. which 
may accidentally fall on them, 

Certain colours, called lakes, are prepared by difſoly- 
ing the vegetable colouring matters, and precipitating 
them by the addition of ſome other ſubſtance. Thus, 
for example, if madder be boiled im water together 
with an alkali, and alum be then added, the earth of 
the alum will be precipitated together with the colour- 
ing matter, with which it will form an inſoluble pig- 


ment. 
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CONCERNING THE SALINE PRINCIPLES OF PLANTS 
OBTAINED BY PRESSURE, OR BY THE APPLI- 
CATION OF WATER OR ARDENT $PIRIT 
PARTICULARLY THE ACIDS OF LEMONS, 

OF APPLES, OF NUT-GALLS, AND 
OF. BENZOIN. 


T* ſaline principles of plants are either ſuch as yeceraABLE 
are found in the mineral kingdom; namely, Ars. 

vitriolated tartar, Glauber's ſalt, nitre, common ſalt, Mineral fairs 
and the .fixed alkalis; or they are ſuch as are pe- — 
culiar to this kingdom. The mineral ſalts are ſup- 

poſed to have entered into the veſſels of the plants 

which afford them, and to have remained there un- 

altered. The falts peculiar to vegetables are, for the Peculiar ſalts 
moſt part, of an acid nature. They conſiſt of the OY ON 
acids of lemons and of apples, which are obtained in 

an impure ſtate by preſſure ; the acid of nut-galls, 

and the acid of benzoin; the ſalts of tartar and of 

ſorrel, which contain a portion of alkali ; and ſuch 

acids as are formed by diſtilling the nitrous acid from 

vegetable ſubſtances, which are thoſe of ſugar, cam- 

phor, cork, &c. Deſtructive diſtillation likewiſe de- 

velops or forms peculiar acids, Thoſe obtained from 

tartar, from mucilage or ſugar, and from wood, have 


only been examined. 
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ACIDS. 


Various me- 
thods of pre- 
ſerving lemon= 
juice: 


—by oil: 


— by evapora- 
tion : 


— by freezing. 


ACID OF LEMONs. 


The juice -of lemons, or limes, has all the charac- 
ters of an acid of conſiderable ſtrength. On account 
of the mucilaginous matter with which it is mixed in 
its firſt ſtate, it is very ſoon altered by ſpontaneous 
decompoſition. Various methods have been contrived 
to prevent this effect from taking place, in order that 
this wholeſome and agreeable acid might be preſerved 
for uſe in Jong voyages, or other domeſtic occaſions, 
The juice may be kept in bottles under a thin ſtratum 
of oil, which indeed prevents, or greatly retards, its 
total decompoſition z though the original freſh taſte 
ſoon gives place to one which is much lefs grateful. 
In the Eaſt Indies it is evaporated to the confiſtence 
of a thick extract. If this operation be carefully per- 
formed by a very gentle heat, it is found to be very 
effectual. When the juice is thus heated, the muci- 
lage thickens, and ſeparates in the form of flocks; 
part of which ſubſides, and part riſes to the ſurface: 
theſe muſt be taken out. The vapours which ariſe 
are not acid. If the evaporation be not carried fo 
far as to deprive the liquid of its fluidity, it may be 
long preſerved in well-cloſed bottles; in which, after 
ſome weeks ſtanding, a farther portion of mucilage 
is ſeparated, without any perceptible change in the 
acid. : 

Of all the methods of preſerving lemon juice, that 
of concentrating it by froſt appears to be the beſt; 
though, in the warmer climates, it cannot conveniently 
be practiſed. Lemon juice, expoſed to the air in a 
temperature of between 509 and 60, depoſits in a few 
hours a white ſemi-tranſparent mucilaginous matter, 
which leaves the fluid, after decantation and filtration, 
| much 
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much leſs alterable than before. This mucilage is VEGETABLE 
not of a gummy nature, but reſembles the gluten of N 
wheat in its properties: it is not ſoluble in water, Depuration of 
when dried. More mucilage 1s ſeparated from le- 1 
mon juice by ſtanding in cloſed veſſels. If this de- 

purated lemon juice be expoſed to a degree of cold —by congela- 
of about ſeven or eight degrees below the freezing 8 

point, the aqueous part will freeze, and the ice may 

be taken away as it forms; and if the proceſs be 

continued until the ice begins to exhibit ſigns of 

acidity, the remaining acid will be found to be 

reduced to about one- eighth of its original quantity, 

at the ſame time that its acidity will be cight times 

as intenſe.z as is proved by its requiring eight times 

the quantity of alkali to ſaturate\an equal portion 

of it. This concentrated acid may be kept for uſe 

or, if preferred, it may be made into a dry lemonade, 

by adding fix times its weight of fine loaf fugar 1 in 

powder“. 

The above proceſſes may be uſed when the acid —by the che- 
of lemons is wanted for domeſtic purpoſes ; becauſe * 
they leave it in poſſeſſion of the oils, or other princi- 
ples, on which its flavour peculiarly depends. But in 
chemical reſearches, where the acid itſelf is required 
to be had in the utmoſt purity, a more elaborate pro- 
ceſs muſt be uſed. Boiling lemon juice is to be ſa- 
turated with powdered chalk, whoſe weight is to be 
noted. The neutral ſaline compound is ſcarcely more 
ſoluble in water than ſelenite : it therefore falls to the 


bottom; while the mucilage remains ſuſpended in 


Georgius, quoted by Fourcroy, iv. 33. 
Ffz the 
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VEGETABLE the watery fluid, which muſt be decanted off. The re- 
ACIDS. maining precipitate muſt then be -waſhed with warm 
— of water until it comes off clear. To the powder, thus 
e edulcorated, a quantity of vitriolic acid, ſufficient to 
ſaturate the chalk, and diluted with ten parts of water, 
muſt be added, and the mixtute boiled a few minutes. 
The vitriolic acid combines with the lime, and forms 
ſelenite, which remains behind when the cold liquor 
is filtered; while the diſengaged acid of lemons re- 
mains diſſolved in the fluid. This laſt muſt be eva- 
porated to the conſiſtence of a thin ſyrup ; and vi- 
triolic acid muſt be then added in ſmall portions, to 
precipitate the lime, if any ſhould ſtill remain in 
combination with acid of lemons. When no more 
precipitate is afforded by the addition of vitriolic 
acid, a farther evaporation ſeparates the pure acid of 
lemons in cryſtals. It is neceſſary that the vitriolic 
acid laſt added ſhould be rather in exceſs; becauſe 
the preſence of a ſmall quantity of lime will prevent 
the cryſtallization. This exceſs will be found in the 
mother water *, 
ers. The concrete acid of lemons remains conſiſtent in - 
the air, is very ſoluble in water, and exhibits ſtrong E 
acid properties. Irs watery ſolution 1s decompoſed by 
a flow putrefaction. It unites with the alkalis and 
earths, filex excepted; and forms peculiar neutral 
ſalts, which have not vet been much examined. Seve- 
ral of the metallic ſubſtances are !'\kewiſe acted upon 
by it; and it would probably diſſolve all their calces, 


* Scheele's Eſſays, Eng. Torn, p. 361; or Crell's Journal 
for 1784. 
. ä The 
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The acid which abounds in ſour or unripe fruits VEGETABLE 
exhibits diſtinct properties. As it is plentifully ob- OY 
tained from apples, the firſt examiner, Scheele, has Method of pu- 
denominated it the acid of apples. In order to obtain 5 
it, the juice of ſour apples is expreſſed from the fruit, | 
and ſarurated with vegetable alkali. To this liquor 
a ſolution of the vitriolic ſalt of lead muſt be very 
gradually added. A double decompoſition takes place. 
The vitriolic acid combines with the alkali, and forms 
vitriolated tartar; at the ſame time that the acid 
of apples, uniting with the lead, forms an inſoluble 
precipitate. When the precipitate nearly ceaſes to 
fall down, the ſolution of ſugar of lead muſt be 
added cautiouſly, by a drop at a time, until no more 
precipitate is afforded. The vitriolated tartar may 
be waſhed off from the precipitate ; and diluted vi- 
triolic acid being then poured on the precipitate, ſugar 
of lead is again formed, and the acid of apples is ſet 
at liberty. T | 

In ſuch fruits as contain the acid of lemons as well Separation of 
as that of apples, the ſeparation of one from the other — 2 
is accompliſhed by the following proceſs. The juice les. 
of gooſeberries, for example, is evaporated to the 
conſiſtence of ſyrup : pure ardent ſpirit being poured 
upon this, diſſolves the acids, and leaves the muci- 
lage, which may be ſeparated by filtration. The 
ardent ſpirit being then evaporated, and water added, | 
the acids muſt be ſaturated with chalk. The ſolution 
being bciled for a few minutes, the calcareous ſalt of 
lemons fails to the bottom, on account of its difficult 
ſolubility z while the other ſalt, conſiſting of the acid 
of apples, united to lime, remains ſuſpended, and may 
conſe- 


— AA —————— — — 


— 


— 


— 
— 


— 


— — 883 
— = 


— — 


442 


VEGETABLE conſequently be decanted off. This neutral ſalt not 


ACIDS. 


3 


Acid of apples. 


| Characters. 


The aſtringent 


Principle. 


caſe, conſiſting of the acid of apples united to lead; 


ſaline combination with lime is cryſtallizable z and 


ciple. Its diſtinguiſhing character is that of prect- 


ACID OF APPLES. 


being ſoluble in ſpirit of wine, may be precipitated by 
the addition of a proper quantity of that fluid; which, 
at the ſame time, deprives it of a portion of ſapona- 
ceous and ſaccharine matter. The coagulum, or pre- 
cipitate, which conſiſts for the moſt part of the acid 
of apples, perfectly neutralized by lime, may be dif- 
ſolved in boiling water. An addition of ſugar of lead 
forms a precipitate by double affinity, as in the ürſt 


and this waſhed precipitate may be decompoſed by the 
addition of diluted vitriolic acid, which combines with 
the lead, and ſets the acid of apples at liberty, 

This acid exhibits peculiar properties. It cannot 
be obtained in cryſtals; and forms deliqueſcent ſalts 
with the three alkalis, and alſo with magneſia. Its 


with clay it forms a ſalt of very ſparing ſolubility. It 
diſſolves iron, with which it forms a ſalt that does not 
cryſtallize. With zinc it forms a ſalt which aftords 
beautiful cryſtals. © It precipitates the nitrous ſolutions 
of mercury, lead, ſilver, and gold, in the metallic ſtate: 
when nitrous acid is diſtilled ſrom it, it is converted 
into acid of ſugar. f 


Many vegetable ſubſtances, ſuch as the huſks of 
nuts, the bark of the oak, the nut-gall, and other 
vegetable matters, abound with a ſubſtance which has 
becn diſtinguiſhed by the name of the aſtringent prin- 


pitating iron from its ſolutions in acids, of a black 
colour. The nut-gall is chiefly uſed for this, and other 
purpoſes 


ACID OF NUT-GALLS. 


purpoſes wherein the application of this property is re- VEGETABLE 
quired ; and, as it reſembles acids in its properties, the  *<'25* 
principle has been called the acid of galls. 

The acid of galls is obtained by macerating the nut- Acid of galls 


obtained in ſo- 


gall in water. This infuſion reddens turnſole and jution: 

blue paper. The acid is ſoluble in oils, ardent ſpirit, 

and ether. Acids diſſolve it, without impairing its 

property of forming a black precipitate with the ſolu- 

tions of iron: the diſtilled products of nut-galls like- 

wiſe poſſeſs the ſame property. It decompoſes me- 

tallic ſolutions, and combines with their calces : gold 

and ſilver are precipitated by it in the metallic ſtate. 

It acts upon and diſſolves iron directly. | 
To obtain the acid of nut-galls in a cryſtallized in the cry- 


ſtallized form. 


form, one pound of the powder of galls muſt be added 
to ſix pounds of diſtilled water, and left to digeſt for 
a fortnight, at the temperature of between 70 and 80 
degrees; after which, the fluid mult be filtered, and 
left to evaporate ſpontaneouſly in the open air, in a 
ſtone · ware or glaſs veſſel. The fluid becomes mouldy, 
and covered with a thick glutinous pellicle ; abundance 
of glutinous flocks fall down; and in the courſe of 
two or three months the ſides of the veſſel appear 
covered with ſmall yellowiſh cryſtals, which are like- 
wiſe very abundant at the under ſurface of the pellicle 
which covers the liquor. I he fluid muſt then be de- 
canted ; and ardent fpirit, being poured upon the mu- 
cilaginous depoſition, the cryſtais and the pellicle, diſ- 
ſolves the ſalt by the aſſiſtance of heat, without touch- 
ing the mucilage; and, by evaporation of this ſpirituous 
ſolution, the pure gallic acid is obtained in ſmall bril- 
liant cryſtals, of a grey colour inclining to yellow. 


This 
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VEGETABLE This acid, on account of its long expoſure to the 
20s, air, may conſiſt either of a principle exiſting in the 
Page 310. galls, or of that principle converted into an acid, 
General cha- . . 2 a 
racters and ha- It has the following properties: It precipitates martial 
— eg vitriol, and other ſalts of iron, of a beautiful black 
colour, and ſtrongly reddens the tincture of turnſole: 
when heated, with contact of air, it ſwells up, and 
burns, leaving a coal behind of difficult incineration: 
by diſtillation, with a gentle heat, part of the acid 
comes over diſſolved in the water of cryſtallization : 
another portion ſublimes undecompoſed in the form of 
ſilky cryſtals; and a ſtrong heat ſeparates a few drops 
of oil, with fixed and inflammable air. 
Tire acid of galls is ſoluble in twenty-four parts of 
cold water, or three of boiling water. It is much 
more ſoluble in ſpirit of wine; four parts of this being 
ſufficient at the common temperature, or one when 
- boiling hot. With lime, magneſia, or ponderops 
earth, it forms ſalts which are ſoluble in water : it 
unites readily with the alkalis, and forms compounds, 
which have not been much attended ro. The action 
Jof the nitrous acid converts it into the acid of ſugar. 
This acid precipitates gold, ſilver, mercury, copper, 
iron, and biſmuth, from their ſolutions ; but it does 
not affect thoſe of platina, zinc, tin, cobalt, and man- 
ganeſe. | 
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Benzoin. The fragrant reſin called benzoin affords a pecu- 
liar concrete acid by ſublimation, which is about one 
tenth of the weight of the reſin itſelf, but varies in 
different ſpecimens. This acid exiſts ready forme! 


in the benzoin; but cannot eaſily be waſhed out by 
_ water, 
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ACID OF BENZOIN. 


water, on account of the reſin which defends it. 
beſt method of obtaining it in the humid way is the 


of quick-lime with twelve ounces of water; and, as 


water are to be added. Six ounces of this lime- water 
are to be mixed by agitation with one pound of ben- 
zoin in powder, and the whole of the lime-water is 
then to be added; the mixture being expoſed to heat 
over a gentle fire for half an hour (during which time 
it muſt be continually agitated, to prevent the powder 
from coagulating), is afterwards ſuffered to cool, 
and ſettle for ſeveral hours. The clear liquor muſt 
then be decanted, and the reſidue boiled for half an 
hour, with eight pounds of water; which, after ſub- 
ſidence and decantation, muſt be added to the clear 
fluid of the firſt boiling. The ebullition of the reſidue 
of the matter muſt be again twice repeated, and the 
decanted lixiviums added to the foregoing. All theſe 
waters are then to be evaporated to two pounds ; dur- 
ing which operation a ſmall quantity of reſin falls 
down. When the evaporated liquor is cool, a quan- 
tity of marine acid muſt be added drop by drop, with 
conſtant ſtirring, till there be no more precipitation, 
or till the maſs has a ſouriſh taſte. The precipitate is 
the acid of benzoin. 


The rationale of the above —— is this: The Rationale. 


lime unites with the acid of benzoin during the ebul- 
lition : the evaporation ſeparates a ſmall quantity of 
reſin; and diminiſhes the aqueous fluid ſo much, that 
in the ſubſequent part of the operation the acid of 
benzoin may ſall down, and be ſeparated for want of 
a ſuih, 


The vEGETABLE 
Cm amen? 
following: Lime-water is made by ſlaking ſour ounces Method of ob- 


acid of benzoin 
ſoon as the ebullition is over, eight pounds more of 1 ona humid 
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- FEGETABLE a ſuſhcient quantity of water to diſſolve it. The mz. 
ACIDS. rine acid, which is added laſt of all, ſeizes the lime 
- Method of ob- by its ſtronger aſſinity, and forms a ſoluble ſalt 5 while 

9 the acid of benzoin, which is diſengaged, falls down, 
on account of its ſparing ſolubility. The acid thus 
obtained has the form of a very fine powder. If it be 

required in the form of filky threads, it may be dil. 
ſolved in boiling water, and ſtrained through a cloth, 
As cold water difjolyes little more than one five hun. 
dredth part of its weight, though boiling water dif. 
ſolves about one twentieth of this acid, the greateſ 
part of the acid ſeparates by cooling. 

Its characters. The acid of benzoin combines with the ſoluble earths 
and alkalis, and forms compounds, which have been 
little attended to. It is ſoluble in the vitriolic and 
nitrous acids; and may be again ſeparated, without 
alteration, by the addition of water. Its habitudes 
with theſe acids, particularly the latter, when heated, iſ 
have not been ſatisfactorily aſcertained. If its nature 
be changed by diſtillation with nitrous acid, it ſeems 

' probabie that it is effected with much more difficuly 
than is experienced with other vegetable acids. 


CHAP 


CHAP. IV. 


CONCERNING THE ACIDS OF TARTAR AND OF 
' SORREL. 


JIE two acids which are uſually ſound in com- veceTaABLE 
bination with a portion of the vegetable alkali, s. 

are the acid of tartar and of wood ſorrel. Tartar has 
for a long time been conſidered as one of the pro- 
ducts of the vinous fermentation ; but it exiſts ready 
formed in muſt, in verjuice, and is likewife obtained 
in other chemical proceſſes with vegetables. How- 
ever, it is obtained, for all the purpoſes of commerce, 
from wine; during the inſenſible fermentation of 
which liquid, it is gradually depoſited on the ſides of 
the caſks. | 

Crude tartar is ſeldom uſed in medicine or philo- cream and 
ſophical chemiſtry ; the refined tartar is known by the qa ens 
name of cream, or cryſtals, of tartar. The purification 
of this ſalt is effected by diſſolving it in boiling water, 
filtering, and ſuffering it to cryſtallize by cooling; the 
cryſtals are again boiled, together with an argillaceous 
earth, to deprive them of their impuruies, which are 
carefully ſcummed off; or elſe with whites of eggs, 
which anſwer the ſame purpoſe. When no more 


Tartar. 


* 


ſcum ariſes, a ſaline pellicle is formed at the top of 


the liquor, at the ſame time that the cryſtallization 
goes forward at the bottom. This ſalt, after the earth 


is waſhed off with cold water, is ſold under the name 
of 
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VEGETABLE of cream, and cryſtals of tartar. The cream of tartar 


ACIDS, 


conſiſts of the minute cryſtals which are formed at the 
top of the liquor, and the cryſtals of tartar are formed 
at the bottom. c 
— 8 The taſte of this purified ſalt is leſs vinous than that 
of the crude tartar. When expoſed to heat, it boil 
up, emits an epyreumatic ſmell, and becomes black and 
coaly; a ſtronger heat in an open fire entirely diſſipates 
its acid part, and leaves the vegetable alkali in a mil 
ſtate, or combined with fixed air. Its volatile pro- 
ducts, by a gradual fire, are water, an acid, and an empy- 
reumatic oil, which is followed by ſome volatile alkal, 
and a large quantity of fixed air. Cryſtals of tartar are 
ſoluble in twenty-eight parts of boiling water; three. 
fourths of the ſalt are depoſited in cooling. If the ſo- 
lution of this ſalt be left expoſed to the air, it is verj 
flowly decompoſed ; mucilage is depoſited, the acil 
diſappears, and after eighteen months the liquid is 
found to contain the vegetable alkali, amounting toi 
nearly one-fourth, of the weight of the tartar. This 
- quantity of alkali being nearly the ſame as is afford} 
by the incineration of tartar, is a proof that the veget- : 
able alkali is not a product of fire, as was ſormerly ſup-M 
poſed. | 
Habitudes. The habitudes of tartar with clay and ponderov 
earth have not been aſcertained. Magneſia forms witli 
it a ſoluble ſalt. Chalk unites with the exceſs of acid 
in the tartar, and ſeparates the neutral ſalt z conſiſting 
of the vegetable alkali, ſaturated with the tartarcous 
Sojuble tartzr. acid, which is known by the name of ſoluble tartat 
If the vegetable alkali be added to a ſolution of cream 
of tartar, in ſuch a quantity as to ſaturate it, the ſame 
neutral 
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tartar ; 
at the ftiitral falt, or ſoluble tartar, will be formed. This v=G&rtaBLE 
Le has a bitter taſte, and is decompoſed by heat, affording « *©'P** 
the ſame volatile products as cream: of tartar. It is Soluble tartar. 

x that ſoluble in fout parts of water heated to 1107, and 
| boik affords cryſtals which are lightly deliqueſcent. 
th and It is a curious fact, though by no means ſingular in Curious fact. 
ipate the hiſtory of neutral ſalts, that two very ſoluble ſub- 
ti ſtances, ſuch as the vegetable alkali, and the acid of tar- 

pro- tar, ſhould compoſe a ſalt of ſo little ſolubility as the 
empf. cryſtals of tartar; more eſpecially, as the point of the 
alkali preateſt difficulty of ſolution is not that at which they 
5 are ſaturated, but that in which the acid ſo conſiderably 
hang abounds, 
ne l. If to twenty ounces of purified tartar, diſſolyed in Manufacture of 
ven four pounds of boiling water, the pure cryſtallized Rochelle ſalt, 
_— mineral alkali be added, until the ſaturation be com- 
id bete, as may be judged by any additional quantity 
_ producing no efferveſcence; the alkali laſt added will 

Thi L combine with the ſuperfluous acid of the tartar, and 
_ f form the neutral combination called the ſalt of Seig- 
m_— nette, or Rochelle ſalt; at the ſame time that the reſi- 
y ſup 1 due of the tartar will become converted into ſoluble 

Wy tartar. By evaporating the liquor neatly to the con- 

crou ſiſtence of ſyrup, the Rochelle falt is obtained in 
wil beautiful regular priſms, of ſix or eight ſides, which 
"= eloreſce in the air, and are decompoſed by heat in 
ſing the ſame manner as ſoluble tartar. 
ood By the ſame treatment with volatile alkali, an am- 
arti, a Moniacal tartareous falt is formed, which affords cryſ- 
ZUR tals that efloreſce in the ait. 

Came If the mineral acids be added to tartar, they com- Ammoniacal 
eutral bine with its alkali, and form the ſame ſalts as bey tartar. | 
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VEGETABLE would have produced by direct union with the vege- 
ACIDS. : 
table alkali. | 
Tartar, Tartar has long been an object of attention with 
chemiſts, and it is uſed as an acid in many of the 
arts. This ſalt appears to be capable of uniting with- 
out decompoſition, and forming triple ſalts with moſt 
of the metals. 
Method of ob- The pure acid of tartar may be obtained by ſatu— 
— _— rating three parts of cream of tartar with chalk or 
lime ; the former of which combines with the ſuper- 
fluous acid, and the latter feizes the whole. The cal- 
careous tartar, which, on account of its inſolubility, 
remains at the bottom, is then to be well waſhed, and 
digeſted with about one part of vitriolic acid, together 
with a ſufficient quantity of water. In this manner 
the acid of tartar is diſengaged. The ſelenite formed 
by the combination of the vitriolic acid and the lime, 
will be ſeparated, and fall down, by evaporating the 
water; and the acid which remains may be cryſtallized 
by further evaporation and cooling. 
Vor otherwiſe. Or, more ſimply, one pound of cream of tartar may 
be boiled in five or fix pounds of water, and a quar- 
ter of a pound of clear and colourleſs denſe vitriolic 
acid may be added by little and little. When a com- 
plete ſolution is obtained, the fluid will then contain 
diſengaged acid of tartar, together with vitriolated 
tartar, or the neutral ſalt formed by the union of the 
vitriolic acid with the vegetable alkali. The vitri- 
olated tartar, being a ſalt of ſparing ſolubility, will be 
precipitated by continuing the boiling. - When the li- 
quor is evaporated to one half, it is to be filtered; and 
if, upon further evaporation, any thing more is preci- 
| pitated, 
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pitated, it muſt be filtered again. The clear liquor vEGETaBLE 


being then reduced to the conſiſtence of a ſyrup, and . 


th ſet by in a temperate or rather warm place, will afford 

he fine cryſtals of tartareous acid, equal in weight to Acid of tartar : 
b half the cream of tartar employed. If too ſmall a 

ſt quantity of vitriolic' acid has been uſed, part of the 

cream of tartar will not be decompoſed, but will ſe- 

— parate from the liquor along with the vitriolated tartar. 

” It is better therefore to uſe too little rather than too 

85 much. | 

u- The cryſtallized tartareous acid melts, fumes, be- its charac- 
If comes black, and burns, by the contact of ignited ©” 


bodies. By diſtillation it affords an acid phlegm, a 
ſmall quantity of oil, and much fixed air, together with 
inflammable air; leaving behind a coaly reſidue, which 
contains neither acid nor alkali. 

The cryſtals of tartareous acid do not change by ex- and habitudes. 
poſure to air; they are much more ſoluble in water | 
than cream of tartar itſelf. 'T his acid diflolves clay, 
and forms a ſalt which, by evaporation, aſſumes a clear 
gummy conſiſtence, and does not deliqueſce in the 
air. The ſame appearance is exhibited with mag- 
neſia: with lime, it forms a ſalt which is ſcarcely at 
all ſoluble ; a due proportion of vegetable alkali con- 
verts it into cream of tartar, which falls down if the | 
water of ſolution be not ſufficiently abundant, but is 
diffolved again if more alkali be added, ſo as to con- 
vert it into ſoluble tartar. Theſe ſynthetical opera- 
tions ſhew that the tartareous acid is not altered by 
the proceſs of extracting it from cream of tartar. 

With the mineral alkali it forms the Rochelle ſalt, 
and with volatile alkali it forms a cryſtallizable ſalt. 

Gg2 In 
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VEGETABLE In this laſt combination there is a term at which 


ACIDS, 


Characters : decompoſed ;z a conſiderable quantity of acid phlegm 


ation upon 


various ſub- 
Kances. 


Salt of ſorre!: Salt of ſorrel is a cryſtallized ſalt ; ſo denominated 


acid for lime is ſa ſtrong, that it cannot be diſengaged 


SALT OF SORREL. 


cryſtals of ſparing ſolubility, like thoſe of cream of tar- 
tar, are formed; and in this caſe likewiſe the acid of 
tartar is far from being ſaturated with the alkali. 

This acid is convertible into the ſaccharine acid by 
diſtillation with ſtrong acid of nitre : and it is con- 
verted into acetous acid by digeſtion with water and 
ardent ſpirits. | 


becauſe it is obtained from the wood ſorrel, or oxalis 
acetoſella of Linnzus, for the purpoſes of commerce ; 
though it may be obtained from ſome other plants, 
It is in white cryſtals, whoſe figure has not been well 
determined, on account of their minuteneſs. When 
it is expoſed to diſtillation in a retort, the acid is partly 


comes over, which is without ſmell or colour, and con- 
ſiſts of the acid itſelf, ſcarcely altered ; and the reſidue 

_ affords vegetable alkali, amounting to ſomewhat more 
than one third of the weight of the falt. Expofure to 
air does not alter the ſalt of ſorrel. It is very ſpar- 
ingly ſoluble in cold water : but boiling water may 
take up one fixth part, or more, of its weight; the 
quantity varying according to the ſtate and purity of 

the ſalt, which ſeems to vary in different ſpecimens. 
Salt of ſorrel acts upon various fubſtances without 
decompoſition, With ponderous earth, magneſia, ve- 
getable alkali, and volatile alkali, it forms triple ſalts. 
Lime decompoſes it by ſeizing the whole of the acid, 
and diſengaging the alkali, The attraction of this 


from 


ACID OF SORREL- 


{rom it by any other acid : another proceſs is there- 
fore neceſſary to be uſed for obtaining it, With this 
intention, the ſuperabundant acid is to be ſaturated 
with volatile alkali; and into this ſolution muſt be 
poured a ſolution of ponderous earth in the nitro»s 
acid. The laſt- mentioned acid combines with the al- 
kalis, forming nitrous ammoniac, and common nitre, 
both which remain in ſolution ; while the ponderous 
earth, combining with the acid of ſorrel, forms an in- 
ſoluble compound, which falls to the bottom. This 


- precipitate, after being well waſhed, may be decom- 


poſed by the addition of vitriolic acid, which ſeizes 
the earth, and likewiſe forms an-inſoluble combination, 
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Method of 
purifying the 
acid of ſorrel. 


while the acid is ſet at liberty, After decantation of 


the clear liquid, it muſt be aſſayed by pouring into it 
a little at a time of the boiling hot ſolution of ponde- 
rous earth in the acid of ſorrel. If there be any ex- 
ceſs of vitriolic acid, a precipitate will be formed by 
its union with the ponderous earth. A due evapora- 
tion and cooling of this liquor afford the acid of ſorrel, 
in priſmatic ſour- ſided cryſtals or ſquare plates. | 


This acid has a conſiderable degree of ſtrength. characters. 


Expoſed to heat in a retort, it falls into powder, with 
the loſs of three-tenths of its weight, after which it 
melts, boils up, at the ſame time that its colour changes 
to a brown. An acid phlegm comes over, and part 
of the acid ſublimes without alteration. Fixed air and 
inflammable air are diſengaged during this decompo- 
ſition of the acid; and their quantity is greater, the 
more violent the heat. 


Boiling water diſſolves its own weight of this con- Combinations. 


crete acid ſalt, half of which is ſeparated in cryſtals 
Gg3 by 
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VEGETABLE by cooling. It diſſolves clay, and affords a deliqueſ- 


ACID OF SORREL» 


cent maſs by evaporation. With ponderous earth it 


Combinations forms a ſalt ſcarcely ſoluble, except there be an exceſs 


of-the acid of 
ſocrel. 


Syntheſis. 


of acid; in which caſe it affords tranſparent cryſtals, 
vhich become opake, powdery, and inſoluble, when 
the exceſs of acid is taken up by boiling water. With 
magneſia, it forms a white powdery ſalt; and with 
lime it forms an inſoluble compaund, which cannot 


be decampoſed in the moiſt way, becauſe the affinities 


of theſe two ſubſtances are ſtronger than any which 
exiſt between either of them and other known bodies. 
From this property, the acid of ſorrel is uſed as the 
teſt of the preſence of lime, which it precipitates from 
all its combinations. 

If vegetable alkali be gradually added to a ſolution 
of this acid in water, a precipitate falls down, which 
is the ſalt of ſorrel, and contains the acid in exceſs. A 
farther addition of alkali ſaturates the acid, and forms 
a very ſoluble ſalt, which is capable of cryſtallizing, if 
the alkali be in exceſs. With an exceſs of the mine- 
ral alkali it forms a ſalt of ſparing ſolubility. With 
yolatile alkali it affords a cryſtallizable ſalt; and with 
both theſe alkalis, if the acid be in exceſs, it forms 
a leſs ſoluble ſalt, ſimilar to what happens with the 
vegetable alkali. 

It acts on ſeveral of the metals directly, but in ge- 
neral combines more readily with their calces. 

This acid does not differ from the acid of ſugar. 
Treatment with nitrous acid converts it into acetous 
acid and fixed air; or totally into the latter, if the 


action be rapid. 
CHAP. 
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CONCERNING THE VEGETABLE ACIDS PRODUCED OR 
DEVELOPED BY DESTRUCTIVE DISTILLATION, 
OR BY THE ACTION OF NITROUS ACID, 


N the courſe of the preceding accounts of the vrorrantz 
vegetable acids, it may be obſerved, that they are 4 — 
all ſubject to great alterations by the action of che- 2 LIM 


mical agents; and they are all ſubject to ſpontaneous Conſiderations 
decompoſition. They ſeem to obtain their acid pro- geen a db 
perties by the combination of a baſe with the vital — 
part of the air, in the ſame manner as has been more dies. 
fully ſhewn with regard to the mineral acids; but they 
appear to be of too compounded a nature to retain 
the order or arrangement of their component parts 
through thoſe great varieties of temperature to which 
in general the mineral acids may be ſubjected. Heat 
alters the arrangement of their component parts, and 
ſeparates them from each other in a new form. The 
products of all vegetable ſubſtances, including theſe 
acids, are found, when urged by fire, to be water, fixed 
air, inflammable air, oil, coal, and alkali. If we 
conſider water as decompoſable, and conſiſting of vital 
and inflammable air; if we conſider oil as compoſed 
of fixed air and inflammable air ; and again, whether 
we admit charcoal to conſiſt chiefly of inflammable 
air, according to the opinion of ſome chemiſts, or of 

| Gg 4 the 
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| | 3 | VEGETABLE the peculiar baſis of fixed air, according to others; 

4 She ah and, laſtly, if fixed air be allowed to conſiſt of char- 

coal united to vital air, whether the charcoal be con- 

— ceived as a peculiar ſubſtance, or as inflammable air 

of vegetable in a ſtate of condenſation; we ſhall at length find 
Principles, Sd | 

e component parts of vegetables are very few; 

inſomuch that, if the foregoing poſitions were clearly 

eſtabliſhed, they would conſiſt either of charcoal, vital 

air, and inflammable air, or elſe of vital. air and in- 

flammable air only. From the various proportions of 

theſe, in different ſtates of condenſation, it would fol - 

low, that water, fixed air, oils, mucilages, and acids, 

are produced and that the beautiful variety of nature 

| ariſes from this arrangement and combination. 
— The firſt action of fire upon the vegetable acids 
does not in general alter their combinations ſo much, 


the elaſtic products. Theſe acids, which on account 
df the peculiar ſmell which they obtain from the fire 
are called empyreumatic, would probably, on exami- 
nation, be found to be of various kinds. Thoſe which 
have hitherto engaged the attention of chemiſts, are 
the empyreumatic acid of tartar; the empyreumatic 
acid of ſugar or mucilage, formerly called ſpirit of 
honey; and the empyreumatic acid of wood, which is 
ſuppoſed to be the ſame in all woods, and has been 
diſtinguiſhed by the name of ſpirit of box. 


* 


Empyreumatic The empyreumatic acid of tartar is the acid phlegm 
Leid of tartar. hich comes over when cream of tartar is expoſed to 
diſtillation, This acid is impure, on account of ſome 

oil which comes over with it, and from which it can 

only 


but that ſome other acid comes over together with 


* 
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EMPYREUMATIC ACIDS, 


only be ſeparated by the funnel ; becauſe it dilates ſo vxorraxxE 


ſuddenly, when an attempt is made to reQitfy it by a 


ſecond diſtillation, that it burſts the veſſels. - The acid Joy ns 
h Empyreummis 
acid of tartar z 


properties of this fluid are ſufficiently apparent, thoug 
it does not redden the tincture of violets, as it does 
turnſole and blue paper. It forms peculiar compounds 
with the earths and alkalis, which have not been much 
examined, but are very different from thoſe afforded 
by the acid of tartar. 


When inſipid gummy ſaccharine or farinaceous mu- of ſugar op 


cilages are expoſed to diſtillation, an empyreumatic 
acid comes over, of a reddiſh yellow colour, and a 
bitter, acrid, and ſour taſte. By rectification with the 
addition of clay, the acid comes over clear, and leſs 
empyreumatic. It does not afford cryſtals, but may 
be concentrated by freezing, which converts its aque- 
ous part into ice. In this ſtate it ſtrongly reddens 
blue vegetable colours, and forms a red ſpot where it 
falls on the ſkin. By diſtillation, cautiouſly managed 
in cloſe veſſels, it may be converted for the moſt part 
into fixed and inflammable air. | 

The empyreumatic acid of ſugar attacks and dif- 
ſolves the ſoluble earths and alkalis. It corrodes lead, 
copper, tin, and iron: but the compounds it forms 
with theſe bodies have been little attended to. 


Box, birch, and other woods, when expoſed to diſ- —of wood, 


tillation, afford that peculiar acid which is ſo offenſive 
to the eyes when the ſmoke of a ſmothering wood 
tre forces itſelf into an apartment. This acid has 
tonſiderable ſtrength. The oil which comes over 
with 
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nitrous acid 


165. 


chap. iii. iv. 


Obſervations 
ve rar * evidently produced by the application or combination 


oem vegetable of vital air; and as, in all the operations of chemiſtry, 


produced by the direct application of vital air to the 


ACIDIFICATION OF VEGETABLES. 


in VEGETABLE With it, may be ſeparated, either by ſtanding for ſome 
17 Acids: 

14 ARTIFICIAL. 
Vin 2 concrete form. A ſtrong heat decompoſes it, 


Acid of wood. With earthy and alkaline baſes it forms peculiar ſalts, 


months, or by reCtification. It cannot be obtained 


whoſe general properties have not been minutely en. 
quired into. As the properties of the acid obtained 
from a conſiderable variety of woods have proved to 
be the fame, it is preſumed that all woods contain 
this common acid, or at leaſt that: combination of 


principles which conſtitutes its bale. 


Since the acidification of combuſtible ſubſtances iz 


eſfects may be produced by one mode of combination, 
which are impracticable in others; it becomes neceſ- 
ſary, in chemical reſearches, to try every means which 
can be deviſed. Few vegetable acids are artificially 


principles of that claſs of bodies ; but many experi- 
ments have been made by abſtracting the nitrous acid 
from vegetables by diſtillation. This acid, as we have 
frequently had occaſion to obſerve, is very eaſily de- 
compoſed, when applied to combuſtible bodies, which 
attract its vital air, and diſengage either nitrous or 
phlogiſticated air, as we have explained in our chapter 
upon that acid. It has likewiſe been obſerved, in va- 
rious parts of the preſent ſection, that this acid, when 
repeatedly diſtilled from gums, mucilages, ſugar, the 
acids of tartar, of apples, and of gall, produces the 
peculiar acid which has been called the acid of ſugar; 


and, if the abſtraction be repeated too often, the acid 
| of 
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of ſugar itſelf is converted into fixed air. From this vsGtrABLE 
view of the ſubject, together with other facts, it has ACS 


ARTIFICIAL. 


been inſerred, that a greater or leſs proportion of vital. 
air, united with one general principle abundantly ——_— 
exiſting in charcoal, whether this principle be inflam- in vegetable 
mable air or not, produces all the various acids of 
vegetables. Thus tartar, which is the leaſt acidified, 

is ſaid to become converted into the acid of apples by 

treatment with nitrous acid. The acid of apples, by 

a continuance of the operation, becomes converted 

into acid of ſugar, or acid of ſorrel, which are the 

ſame thing. The ſame proceſs, further continued, 

affords vinegar v, which comes over. Hence it 

ſhould ſeem that, according to the greater progreſs 

of the operation of combuſtion, or the combina- 

tion of vital air with the baſe (which at the ſame 

time, according to the ancient theory, is ſuppoſed to 

be more dephlogiſticated), the acids of tartar, of ap- 

ples or unripe fruit, of ſorrel or ſugar, of vinegar, 

and, laſtly, of fixed air, are produced. In this order 

of proceeding, the acids become more and more 

perfect, and leſs eaſily decompoſable: and on this 

account probably it is, that attempts to reverſe the 

proceſſes haye not hitherto been attended with much 

ſucceſs. 

Since the diſcovery that the acid of ſugar does not Difference be. 
differ from that of ſorrel but in containing a ſmall — ER 
proportion of alkali, the procuring of the former in and forrel. 
the expenſive way of diſtillation with nitrous acid, is 


* See Scheele's Eſſays, Engliſh tranſlation, page 385 ; and the 
Jeurnal de Phyſique for January 1788, page <9. 
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Obſervation. 


ACID OF SUGAR, 


become unneceſſary. We ſhall, nevertheleſs, deſcribe 
the proceſs here, as an example of that method of 
operating. | 

Three ounces of ſtrong nitrous acid, whoſe ſpe. 
cific gravity was nearly 1.567, were mixed in a tu- 
bulated retort with one ounce of the fineſt ſugar in 
powder. Much nitrous air eſcaped in red fumes, 
formed by combination with the vital air of the atmo. 
ſphere. A receiver was then adapted, and the liquor 
gently boiled. As ſoon as the mixture had acquired a 
dark brown colour, three additional ounces of nitrous 
acid were added, and the boiling was continued until 
the coloured and fuming acid had entirely diſap- 
peared. The liquor being then poured out, afforded 
ſmall priſmatic cryſtals by cooling, which are the aci 
of fugar. The lixivium, being again treated in the 
ſame manner with two ounces of nitrous acid, afford. 
ed an additional portion of acid of ſugar by cooling; 
and the remaining glutinous liquor, treated at different 
times with ſmall quantities of nitrous acid, amount. 
ing in the whole to two ounces, and evaporated fo 
dryneſs, afforded a faline maſs : and, laſtly, the whole 
was depurated by repeated ſolutions and cryſtalliza- 
tions in water. In this way, with three parts of ſugar, 
and thirty of nitrous acid, the quantity of one part d 
acid of ſugar is obtained. | 

The above proceſs is taken from Bergman: but 1 
may be obferved that weak nitrous acid, or common 
aqua fortis, will anſwer the purpoſe as well as the 
concentrated acid; and that, where it is not an object 
to collect the acid which comes over, there will be 
no need of any receiver, or other appatatus, except: 
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ACIDS OF CAMPHOR AND OF CORK. 


a chimney where there is a proper draught of air to 
carry off the acid fumes. 


nitrous acid eight ſucceſhve times from camphor. 
is of a concrete cryſtalline form, of a bitter taſte, and 
reddens the tinctures of violets and turnſole. It dif- 
fers from the acid of ſugar in not ſeparating lime 
from the marine acid. With vegetable alkali it forms 


ny a ſalt in regular aexagons ; with mineral alkali, a ſalt 
Tous SI be 8 
LY in irregular cryſtals ; with volatile alkali, priſmatic or 


needle-ſormed cryſtals ; and with magneſia, a pulve- 
rulent ſoluble ſalt. It diſſolves ſeveral metallic ſub- 
ſtances. But ſubſequent enquiries are wanting to 
eſtabliſh the peculiar nature and properties of this 


acid. 


from cork, a yellowiſh thick acid matter is obtained, 
which is ſoluble in water, and has an auſtere bitteriſh 
taſte. It does not cryſtallize, but becomes conſiſtent 
like wax by evaporation ; is ſoluble in ardent ſpirit ; 


I forms deliqueſcent ſalts with the earths and alkalis; 
and has as ſtrong an attraction for lime as the acid of 

gar, 

_ user f. 


* Koſegarten, Nouy, de la Repub]. des Lettres, * Annee 1785. 
Nos. 42 and 44; quoted by Fourcroy, Elem. Chem. iv. 104, edition 
of 1789. 

+ Brugnatelli, in the Journal de Phyſique, Auguſt 1537; or 
Grell's Annals for the ſatne year. 


CHAP. 


matraſs, or Florence flaſk, to perform the operation in vsozTABLE 


ARTIFICIALs 
The acid of camphor * is produced by diſtilling the Acid of cam- 


By diſtilling four times its weight of nitrous acid Acid of cork, 
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DESTRUCTIVE DISTILLATION. 


CHAP. VI. 


ON THE DESTRUCTIVE DISTILLATION OF VEGETABLE 
SUBSTANCES, 


N the foregoing chapters we have occaſionally 
treated of the decompoſition of vegetables by de- 


products it affords. As the immediate principles of 
organized ſubſtances are for the moſt part very com- 
pounded, and the extreme temperature produced in 
this method tends to reduce them to their primary 
component parts, it is evident that very little can be 
learned in this way concerning that on which the 
various properties of thoſe ſubſtances depend. But as 
the chemiſt ought to neglect none of the methods he 
poſſeſſes of producing changes in bodies, this proceſs 
may have its uſe when compared with others, and 
more eſpecially when we ſhall have arrived at that 
knowledge of the firſt principles of organized ſub- 
ſtances, which from a variety of facts, and the late 
rapid progreſs of chemiſtry, we have reaſon to hope 
for. We ſhall therefore proceed to deſcribe the gene- 
ral phenomena of deſtructive diſtillation. 

This proceſs conſiſts merely in expoſing any organ- 
ized ſubſtance to heat in a retort, placed in a rever- 
beratory furnace. 'The ancient chemiſts, who paid 


no attention to the elaſtic products, except ſo far as 
2 their 
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their expanſive force impeded their operations, uſually veceTABLE 
drilled a ſmall hole in the upper part of the receiver for — 

their eſcape. Modern chemiſtry proceeds in a more 
ſcientific manner, by uſing the pneumatic apparatus, 

fig. 21. The firſt product which comes over in the 

diſtillation of vegetables, is a watery fluid, contain- 

ing acid and odorant principles. In proportion as the 

deſtruction of the vegetable proceeds, the phlegm be- 

comes deeper coloured, and more ſaline. Next fol- Decompoſition 


lows a coloured oil, which becomes of a darker hue 0 my 
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ay as the diſtillation proceeds, and varies greatly accord- 
tile ing to the nature of the plant; for it conſiſts chiefly 
T of the eſſential oil, which comes over in a foul ſtate, 
as; and differs in its fixity, denſity, fuſibility, and all its 
1 other properties according to the nature and quantity 
a of the eſſential oil which predominates in it. All 
\ be be products obtained in this way have a peculiar 
the burned ſmell, which chemiſts diſtinguiſh by the name 
* of empyreumatic. If the vegetable contain volatile 
* alkali, or its component parts, this ſubſtance uſually 
W ſublimes when the oil comes over. The elaſtic fluids 
and which paſs into the apparatus of inverted veſſels are 


chieſly inflammable air, or fixed air, or a mixture of 
both (probably in combination), which is heavier than 
pure inflammable air, and burns with a lambent blue 
flame, inſtead of detonating like that elaſtic fluid. 
he heat muſt be very gradually raiſed, and the re- 
eivers changed from time to time, in this method of 
gecompoſition; otherwiſe the products which come 
dver will be confounded together, and the reſults will 
ff courſe be more fallacious than they would otherwiſe 


ave been. The fixed reſidue conſiſts of charcoal, a 
ſmall 
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veczrante ſmall portion of Alkali, and 2 very minute quantity of 
PRODUCTS earth. 
| BY FIRE, 


—— The empyreumatic oils which come over in thee | 
EP reumatie qiſtillations, may all be rendered colourleſs, and ſolu- | 
ble in ardent ſpirit by rectification. In this manner 
it appears therefore that the fixed oils of vegetables 
are converted into volatile or eſſential oils ; from 
which, as well as from other circumſtances, it is ren- 
dered probable that theſe oils differ from each other 

only in the proportion of their component parts. 
Charcoal: The black, ſonorous, brittle, light ſubſtance, called 
charcoal, uſually retains the figute of the vegetable 
from which it was produced, unleſs the greater part 
of the vegetable conſiſted of fluids, which, in their 
diſſipation, deſtroy the connection of the more fixed 
parts. In the latter caſe the quantity of charcoal is 
much lefs than in the former. It is a ſingular fad, 
=--conduts that this ſubſtance, when well burned, is a perfect 
Gearity* conductor of electricity; though the electric matter 
is not conveyed at all through wood which is ſimply 
baked or dried. The charcoal of oily or bituminons 
ſubſtances is of a light pulvegulent form, and riſes in 

ſoot. This charcoal of oils is called lamp-black. 
refifts heat, Charcoal reſiſts the moſt violent heat in cloſed 
—_— . veſſels. If it be ignited, it abſorbs elaſtic fluids with 
great avidity as it cools z and it retains the property it 
cooled by immerſion in mercury, the abſorption being 
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of 9 is and in the modern FI in the abs 
forptios 


1 equally conſiderable when it is Nos expoſed to du 
| '} the air. | 
1 | —exceedingly The diſpoſition to be burned, which in the an- thi 
. * theory is ſuppoſed to conſiſt in the giving out E 
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ſorption of vital air, is ſo great in charcoal, that it vzG@tTaBLE 
performs the reverſe of combuſtion with a great yariety 11 
of ſubſtances. Thus it converts the vitriolic acid into P 
vitriolic air, by augmenting the proportion of ſulphur; Charcoal. 
and it is ſtrongly ated on by the nitrous acid, much 
nitrous air being extricated at the ſame time. The 
rapidity with which the nitrous acid acts upon per- 
feftly dry charcoal, has been already mentioned. In Page 171. 
either of theſe proceſſes, the acid either combines 
ſuddenly with the phlogiſton of the charcoal, or the 
vital air of the acid combines with the charcoal itſelf, 
conſidered as a ſimple ſubſtance. 

The moſt violent combuſtion of nitre with charcoal, 
in which the acid is entirely decompoſed, and gives 
out phlogiſticated air, may be explained in the ſame 
way by each theory. 

Alkalis diſſolve charcoal in the dry way; and liver Solubility of 
of ſulphur combines very readily with it, either jn the 3 
dry or humid way. All the metallic ſubſtances hi- 
therto known, ate leſs combuſtible than charcoal, and 
conſequently are revived, or reduced to the metallic 
ſtate, by being heated with this ſubſtance. This, in Revivification, 
the ancient theory, denotes that all the metals attract 
phlogiſton more ftrongly than charcoal does; but in 
the new theory the effect is aſcribed to the ſtronger 
attraction .of charcoal, which deprives alt metallic 
calces of the vital air which combined with them 
during their calcination. | 

An important conſequence ſeems to follow from Obſervation, 
this circumſtance z namely, that there may exiſt, many 
metallic ſubſtances _ whoſe combuſtibilitey may be 
greater than that of charcoal; and which conſe- 

Hh quently 
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VEGETABLE quently are unknown to us as ſuch, becauſe we poſ- 
er Th ſeſs no means of reducing them. Thus the alkalis 
- — and earths may conſiſt of peculiar combuſtible or me- 
tallic ſubſtances, either dephlogiſticated, or combined 
with vital air, by an union which the art of chemiſtry 

has not yet found means to break. 
Combuſtion of When charcoal is expoſed to heat in open veſſels, 
* it burns with a light flame, nearly tranſparent, emit- 
ting very little light, and no ſmoke. The reſidue con- 
fiſts of a ſmall quantity of aſhes, which contain fixed 
alkaline and neutral ſalts. The fixed vegetable alkali 
Refidual ſalts, is obtained from the aſhes of various plants, under the 
name of pot-aſh or pearl-aſh, and is not eaſily purified 
from the neutral falts it may be contaminated with. 
Mineral alkali is obtained. by incineration only from 
marine plants. The neutral ſalts found in the aſhes 
of vegetables are vitriolated tartar, Glauber's ſalt and 
ſelenite, common ſalt, and ſalt of Sylvius. Calces of 
iron and of manganeſe, with an earthy ſubſtance, com- 
poſe the inſoluble reſidue. What this earthy ſub- 
ſtance is has not been determined; but it moſt pro- 
bably conſiſts of ſome inſoluble earthy ſalt, ſuch as 


phoſphorated lime. 
Spontaneous A variety of inſtances of combuſtion have been ob- 
ſtion of . : 
— ſerved to take place in the mixture of coaly matter 
and oil. with oils. Whether theſe ariſe from the operation of 


vital air previouſly abſorbed from the atmoſphere by 
the coal, or from the decompoſition of water which is 
preſent in theſe experiments, or from a mere change 
of capacity, by which the new combination may 
give out heat enough to ignite the maſs, muſt remain 


for future reſearches. The ſubje& however. is ſo 
| | generally 


COALY MATTER AND OIL, 


- 
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generally intereſting, as to admit of an enumeration sroxraxE- 
of ſome of the facts in this place. The following OUS INFLAM- 


are taken from M. Bucholz's paper *, in vol. i. of 
Chemical Annals, by Dr. Hopſon in his General 
Syſtem of Chemiſtry. 

On occaſion of a frigate that in 1781 took fire in 
the port of Cronſtadt, juſt as ſhe was preparing to 
ſet ſail, though no fire had been made in her for five 
days before, M. Georgi, of the imperial academy of 
Peterſburgh, made a great number of experiments. 
He impregnated gradually three pounds of Pruſſian 
lamp-black with five pounds of boiled hemp-ſeed oil; 
and after having left the mixture expoſed to the air 
for about five hours, wrapped it up in a coarſe linen 
cloth. This maſs, after having lain in a cheſt for 
about ſixteen hours, yielded a very offenſive and 
ſeemingly putrid ſmell, not much unlike that of burn- 
ing oil. Some parts of the maſs grew warm, then hot, 
and emitted a conſiderable quantity of vapour. Theſe 
vapours were watery, and by no means inflammable. 
Within about eighteen hours after the packet was 
made, ſome part of it, growing warm, exhibited 
ſmoke, and immediately afterwards was actually ig- 
nited. The ſame happened at two or three other 
places, but others were ſcarcely warm. The fire ſpread 
very ſlowly, and emitted a thick ſtinking ſmoke. 
M. Georgi then taking the maſs out of the cheſt, and 
laying it on a ſtone floor, where it was more expoſed 


* As the Journal de Phyſique is in more hands in this country 
than the German Annals of Crell, the reader is informed that the 
whole of the paper of M, Georgi is to be found, in French, in that 


Journal for July 1782. 
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8PONTANE- to the air, a flame of about fix inches high aroſe, with, 
us INFLAM- much ſmoke; whenever any openings or crevices 


MATION». 


ere made in the maſs, they threw out vapours, 


Narrative. 


which ſoon after took fire. 'The maſs being thrown 
upon the floor broke in pieces, and a briſk flame aroſe 
on a ſudden, about three feet in height, which ſoon 
ceaſed ; when the materials continued to glimmer at 
firſt with ſmoke, and afterwards without; for the ſpace 
of fix hours, The whole was conſumed in about 
eight hours. The aſhes, which were grey, i 
when cold eight ounces and a half. b 

In another experiment, exactly ſimilar to this as to 
what relates to the mixture and quantity of the ma- 
terials, the inflammation did not take place for forty- 
one hours after the oil had been imbibed by the lamp- 
black. In general, the inflammation took place much 
ſooner in fine clear days than in rainy weather. 

In another experiment he impregnated three pounds 
of Ruſſian lamp- black with three pounds of hemp- ſeed 
oil unboiled, and the inflammation took place in the 
ſpace of nine hours. Twelve ounces of fine German 
Jamp-black, mixed with twenty-four ounces of boiled 
hemp-ſeed oil, did not grow warm till after ſeventy 
hours were elapſed, It then became gradually hotter, 
and emitted vapours, which were not inflammable. 
The re- action of the materials laſted about thirty-ſix 
hours, in which time the heat was ſometimes greater, 
and ſometimes leſs, till at laſt it ceaſed entirely. He 
made a great many more experiments for the board of 
admiralty at Peterſburgh, of which the following are 
the reſults. The inflammation: takes place much 


ſooner when Ruſſian lamp-black, which is coarſe, 
| greaſy, 


Wt, aus oc 


MY __=, 


t. 


HEMP AND WOCL WITH. OIL. 469 


greaſy, and heavy, is impregnated with the oil, than, SPONTANE» | 
when the German lamp-black, which is light and fine, Tr wage 
or common wood ſoot, is employed for this purpoſe. Gym, 
With regard to the oils, the inflammation only happens 
with drying oils, either boiled or crude. The pro- 
portion of the lamp-black to the oil differed greatly 
in theſe experiments: the lamp-black, or ſoot, took fire 
with 18 + 4 + equal parts, and even with twice the 
quantity of the oil. In general, the inflammation de- 
pended, more upon the mode of mixing the ingre- 
dients than upon the quantity of them: and alſo, as 
M. Georgi often obſerved, upon the weather; for, in 
wet weather, the maſs, after growing warm, became 
cold again. | 
A packet of hemp, of about thirty pounds weight, e E 
was impregnated with a mixture of three pounds of hemp with oil 
tallow and three pounds of hemp-ſeed oil, and put 
into a baker's oven, which was heated to 90 of Fah- 
renheit. On taking it out of the oven an hour after- 
wards it was hardly warm. In the ſpace of an hour 
after this it began to ſmoke, and in another hour the 
ſpontaneous inflammation took place; when M. Georgi 
obſerved that it began about the ſurface, and not in 
the middle, of the maſs, He attributed much to the 
high wind that blew on that day. The packet burned 
for the ſpace of five hours, with a viſible flame. 
Subſequent to theſe experiments with hemp and —alfo of wok 
flax, this ingenious philoſopher made others with wool. 
He impregnated twenty pounds of wool with a mix- 
ture of two pounds of hemp-ſeed oil, and one of 


tallow. After having mixed the wool equally with 


oil, he put it into a ſmall baker's oven, and kept it 


H h 3 f there 
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SPONTANE- there for the ſpace of an hour, after which he took it 


OUS INFLAM- 


MATION, 


out, and ſewed it up in a mat. The packet cooled by 


—— degrees, and remained in that ſtate three days, at the 
expiration of which period the wool was found quite 


wool with oil: ſound and entire, and the fat was ſo thoroughly im- 
bibed by the wool that it was ſcarcely perceptible. 
On the ſame wool he now poured a pound of hemp. 
ſeed oil, and put it again into a baker's oven, of 
which the heat was 95 of De Lifle's thermometer. 
After remaining there an hour, it was tied up ina 
coarſe linen cloth, and laid on ſome wood in the la- 


Spontaneous 
combuſtion of 


boratory. A few hours after, the packet grew 


warm 


in ſome places, and emitted a flight ſmoke, which in- 
creaſed to that degree, that two hours afterwards a 


ſpontaneous inflammation took place. The fire 


glim- 


mered ſlowly, but when the window was opened it 
burned for half an hour with a low flame. In the 


ſpace of forty-four hours it ceaſed burning, 


when 


there remained two pounds and ſix ounces of coal, and 


two pounds of very fine aſhes. 


2 other ſub- He made a great many experiments beſides, in which 
Ces. n 


the ſpontaneous inflammation took place; ſuch as 
ſteeping cow hair and wool in oil, and then expoſing 
them to a certain degree of heat, &c. from which may 
be drawn this general concluſion, viz. that oils, mixed 


either with vegetable or with animal ſubſtances, 


after 


they have parted with all -their water, begin to take 
fire. The heat may either have been occaſioned by 


an inteſtine motion, as is the caſe when oil 
mixed with coarſe lamp-black, or with black 
where, by the internal heat, the whole of the 
previouſly evaporates ; the inflammation not t 
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place till the water is evaporated : or elſe when ve- 5poxraxs- 


getable or animal ſubſtances are impregnated with oils, 995 INFLAM- 
MATION. 


when the oil, in conſequence of the great ſurface \ ; 
given it, parts with its water ſo much the ſooner, and 


thus acquires a ſolid and ſubſtantial body with which 
it can take fire. This inflammation takes place, as 
Meſſrs. Hagemann and Geller have obſerved in Crell's 
Chemical Annals, 1784, p. 438, in the apothecaries' 
mops, in oils that are boiled till they are depriy ed of 
all their water. 

M. Georgi alſo roaſted 1 groats, and rice; Spontaneous 
and he found, that the larger the grains are, the leſs of 
they are diſpoſed to take fire. Thus coffee roaſted grain: 
brown, and bound up in linen, diid not kindle; the 
contrary to which however was the caſe with ground 
coffee, which took fire. in three quarters of an hour, 
and continued ſpreading till half an ounce of aſhes re- 
mained out of two pounds of coffee. In order to 
ſatisfy himſelf that it was only the ſize of the coffee 
berries that prevented the mutual action of the com- 
ponent parts, the abovementioned coffee was ground, 
and roaſted agafn tolerably brown, and wrapped up in 
linen, In an hour after this the powder took fire. 

Saw-duſt of mahogany. wood was roaſted over a —of roaſted 
gentle fire till it was of a browniſh hue, and kindled IS 
in a quarter of an hour after it had been wrapped up. 

Two pounds of ſaw-duſt of fir wood, on account 
of the different ſize of the particles, became partly 
black in roaſting, and partly white. After being 
wrapped up, it ſoon loſt its heat, but an hour after 
the heat returned with ſmoke, when quickly it took 


fire, 
Hh4 In 
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SPONTANE-» 
OUS INFLAMs 


MATION. 


SPONTANEOUS INFLAMMATION OF MALT. 


In order to know whether the compreſſion of ve- 
getable ſubſtances, and the modification of the air 


by ſurrounding them with linen, were eſſential to the 


Spontaneous 
inflammation 
of malt. 


ſpontaneous inflammation, and whether a ſpontaneous 
inflammation would take place without the obſervance 
of this circumſtance, M. Georgi roaſted ſome barley 
coffee till it was brown, which he put into a ſhallow 
pot, without covering the latter entirely with its lid, 
After fourteen hours were elapſed, the warmth of the 
pot returned, and a ſmoke aroſe. There was no fire 
perceived in the dark; the inſide of the pot however 
had a phoſphoric appearance, and paper and bits of 
wood ſoon took fire; and a knife, upon being plunged 
into the maſs, became red-hot. In twenty-four hours 
the fire was extinguiſhed, | 

The following remark of M. Georgi is of the 
greateſt importance. In the drying of malt, and in 
the roaſting of other ſubſtances of a ſimilar nature, the 
malt or other materials may take fire of themſelves 
in a corner of the kiln a long time after the operation 
is finiſhed, and that even in the open air; and, without 
giving any ſigns of accenſion except a trifling degree 


of ſmoke, burn for a conſiderable time, and do a great 


deal of miſchief. From all that has been mentioned 
it appears, that the ſmaller kinds of grain, as well 
as flour, ſaw-duſt, and other minutely divided and in- 
flammable ſubſtances, when taken in conſiderable 
quantities, and united with oily matters, are capable 
of taking ſire of themſelves, under certain circum- 
ſtances, in conſequence of their being ſurcharged with 
inflammable particles, as well as of an inteſtine mo- 


tion and mutual actions in their conſtituent parts, 


PURIFICATION OF SALTS BY CHARCOAL» 473 


by which the inflammable particles are diſengaged. syoxTANE- 
This is certainly a very remarkable, and hitherto not — once IN 
ſufficiently inveſtigated, property of many ſubſtances C0 
appertaining to the vegetable and animal kingdoms, 
the knowledge of which is very important for the 
farmer, manufacturer, and artiſt. 
Mr. Lowitz and after him other chemiſts have — of 
obſerved a remarkable property in charcoal, by which coal. 
it puriſies various mucilaginous, ſaline, and other bo- 
dies“. The proceſs conſiſts in adding very pure 
charcoal, in fine powder, to the ſolution of the ſalt. 
The quantity required is in genral conſiderable ; and 
the ſaline matter is afterwards ſeparated by the uſual 
methods of chemiſtry, namely filtration, decantation, 
evaporation, or diſtillation, ſeverally or jointly, as the 
nature of the ſubject may require. It has not been 
ſhewn in what manner the charcoal operates, whether 
by ſimply abſorbing the mucilage, or by any proceſs 
of the nature of combuſtion. If the latter ſhould be 
probable, our attention ſhould perhaps be directed to 
the air abſorbed by the charcoal during its cooling 
from its firſt ignition. 


* The papers of Mr. Lowitz are inſerted in Crell's Journal, of 
which we have two volumes tranſlated in Engliſh. A tonſiderable 
portion of their contents is inſerted in the Chemical Dictionary, 
art. Vinegar and Charcoal, in the Appendix. 
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FERMENTATION. 


NI. 


CONCERNING FERMENTATION IN GENERAL. 


rexMEixta- THE word Fermentation, in an enlarged ſenſe, i: 
ms uſed to denote that change of the principles of 


The ſpontane- Organic bodies, which begins to take place ſpontane- 
2 ouſly as ſoon as their vital functions have ceaſed, and 
fables. by which they are at length reduced to their firſt prin- 
Three ſtages of Ciples. This has been diſtinguiſhed into three ſtages; 
encation: the vinous or ſpirituous, the acid or acetous, and 
the putrid fermentation : which are ſo called from the 

principal products obtained during their action. All 

organized bodies are not ſubject to the three degrees 

of fermentation. It is aſcertained almoſt beyond a 

—vinous doubt that the vinous fermentation takes place only 
in ſuch bodies as contain ſaccharine juices. In this 

the moſt remarkable product is a volatile, colourleſs, 

light, inflammable fluid, which mixes with water 

in all proportions, and is called ardent ſpirit. The 

—acetous: acetous fermentation is diſtinguiſhed by the product 
known by the name of vinegar, which is the leaſt de- 

ſtructible of the vegetable acids. It does not appear, 

however, that fermentation is abſolutely neceſſary for 

Page 459 the production of this acid, as there are other chemical 
means by which it may be obtained, or produced. In 
the putrid fermentation, bodies appear to be reduced 


into their moſt ſimple parts. Volatile alkali is the 
product 


SPONTANEOUS DECOMPOSITION, 


product which has been remarked as the chief in this FERMENTA- 


proceſs, and is no doubt produced by the combination 


of inflammable and phlogiſticated air, which fly off Stages of fer- 


together. The acetous, like the vinous fermentation, 
is confined to vegetable ſubſtances ; but the putrefac- 
tive proceſs is moſt eminently perceived in animal 
bodies. Theſe either putreſy immediately; or, if the 
putrefaCtion be preceded by either of the other ſtages, 
their duration is too ſhort to be perceived, It is con- 
ſidered as an eſtabliſhed fact, that the three ſtages of 
fermentation always follow in the ſame order, in ſuch 
bodies as are ſuſceptible of them all; the vinous com- 
ing firſt, which is followed by the acetous and the pu- 
trefactive proceſſes. 


The ſpontaneous decompoſition of bodies is greatly Conditions or 


retarded by extreme cold, by ſudden drying of- the 


circumſtances 
requiſite to the 


parts, or by preſervation in cloſed veſſels. The two Progreſs of fer- 


firſt circumſtances neceſſarily retard the chemical ef- 
tects, by depriving the parts of that fluidity which 
is almoſt indiſpenſably neceſſary in chemical proceſſes. 
It will eafily be underſtood that the third circumſtance 
will retard the ſpontanequs decompoſition of bodies, 
when it is conſidered that the atmoſphere itſelf is the 
ſolvent and receptacle of many of the component parts 
of bodies with which it is diſpoſed to combine. In 
well-cloſed veſſels, the parts of organized bodies which 
are diſpoſed to fly off in the elaſtic ſtate, are pre- 
vented from eſcaping; and ſuch parts as might form 
new combinations, by abſorbing either the contents 
or component parts of the atmoſphere, are prevented 
for want of a free communication, The three con- 


ditions for the accompliſhment of fermentation are, 
6 therefore, 
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FramENTA® therefore, fluidity or moiſture, mode vate heat or x 


TION, 


— mmmnDJ 


Vinous fermen. 


tation deſcrih- 
ed, as it takes 
place in ſugar 
and u atcr. 


Yealt. 


Inflammable 
Jpi r it. 


VINOUS PERMENTATION. 


due temperature, and the acceſs of air: and the fer. 
mentation will likewiſe be modified according to the 
various component parts of bodies. 

In defcribing the vinous decompoſition of vegeta- 
bles, it will be of advantage to attend to that of mere 
fugar- and water; the phenomena in theſe being 
more diſtin, becauſe leſs modified by foreign ad. 
mixture. If a confiderable quantity of water, holding 
in ſolution about one third of its weight of ſugar, be 
expoſed to the air at the temperature of about 79 
degrees, aſter the addition of a ſmall quantity of 
yeaſt, it ſoon undergoes a remarkable change. In the 
courſe of a few hours the fluid becomes turbid and 
frothy ; bubbles of fixed air are diſengaged, which rile 
andbreał at the ſurface. The diſengagement become 
more and more abundant ; mucilage is ſeparated, part 
of which ſubſides to the bottom; and part, expanded 
into froth by the elaſtic fluid, forms yeaſt. During the * 
courſe of ſeveral days, theſe effects gradually come to 
their height, and diminifh again; after which they 


proceed very ſlowly, but are long before they entirely 0 
ceaſe. The fermented liquor has no longer the ſweet 5 
taſte it had before, but becomes briſk and lively, with 12 
a pungent ſpirituous flavour. Its ſpecific gravity like. qu 
wiſe is conſiderably leſs than before; and, when ex- pr 
poſed to diſtillation, it affords a light inflammable fpi- 

rit. The quantity of ardent ſpirit which any fermented pr 
liquor will produce, is thought to follow fome propor- Gs 


tion of the change its ſpecific gravity undergoes in fer- 
mentation; but the truth of this has not been clearly 
aſcer- 


ACETOUS AND PUTRID FERMENTATIONS. 477 


aſcertained “. Wine, cyder, and beer, are well-known FEXMENTA- 
liquors of this kind. 1 
It is uſual to put fermented liquors into caſks before Acetous fer- 

8 the vinous fermentation is completely ended; and in 9 
theſe cloſed veſſels it goes on for many months. 

But if the fermentative proceſs be ſuffered to proceed 

| in open veſſels, more eſpecially if the temperature be 

ß raiſed to go degrees, the acetous fermentation comes 

ads on. In this the vital part of the air is gradually 

ng abſorbed ; and the more ſpeedily, in proportion as 

be the ſurfaces of the liquor are oftener changed by 

[* lading it from one veſſel to another. The uſual me- 

of thod conſiſts in expoſing the fermented liquor to the 

air in caſks, placed ſo that the ſun may ſhine on 

nd them; which ſeems to be of advantage, by raiſing 


ile the temperature of the liquor. By this abſorption 

Net of vital air, the inflammable ſubſtance becomes con- 

as verted into an acid. If the liquid be then expoſed 

led to diſtillation, pure vinegar comes over, inſtead of 

tne ardent fpirit. 

to When the ſpontaneous decompoſition is ſuffered PutrefaQion, 
y to proceed beyond the acetous proceſs, the vinegar 

eh gradually becomes viſcid and foul; air is emitted, 

* with an offenſive ſmell; volatile alkali flies off; an 

ith earthy ſediment is depoſited z and the remaining li- 

Kee quid, if any, is mere water. This is the patrefaCtive 

* proceſs. - 
[ple Though fermentation is much better underſtood at 

ted preſent, in conſequence of modern reſearches into the 

* nature of elaſtic fluids, than it formerly was, it ſtill 

er- | 

rly * Richardſon on Brewing. 
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FERMENTA- remains an intereſting object of reſearch, It is rot 
TION, 


The effect of performs in this operation. It ſeems probable that the 
yeaſt in fer- 


mentation. 


Component 
parts of ardent 


{pirit, &c. 


Tartar. 


Bread. 


did not occaſion the proceſs to begin in every part of 


| bably exiſted for the moſt part ready formed in th 


of that ſubſtance. 


FERMEN TS. TARTAR. BREAD. 


clearly aſcertained what the yeaſt or fermented matter 


fermentative proceſs, in conſiderable maſſes, would be 
carried on in ſucceſſion, from the ſurface downwards; 
and would perhaps be completed in one part of the | 
fluid before it was perfectly begun in another part, i 
the yeaſt, which is already in a ſtate of fermentation, 


the fluid at once. Much remains to be done toward 
aſcertaining the arrangement and quantity of the con. 
ponent parts of ardent ſpirit: and the theory of fixel 
air, with the identity of inflammable airs, mult be 
aſcertained, before any decided reaſoning can be 
adopted on this head. It ſeems however that inflan- 
mable air, in combination with fixed air in certain 
proportions, forms ardent ſpirit ; that a greater pri. 
portion of vital air converts it into vinegar; and that, 
in the putrefactive proceſs, the inflammable air, the 
fixed air, and the vital air, are ſeparated from end 
other, and fly off in the elaſtic ſtate. 

In, the fermentation of wine, the tartar, which pro- 


juice of the grape, is ſeparated, and exhibits the pro 
perties which have been alrcady deſcribed in treating 


The fermentation of bread?by leaven is thought u 
be of a different nature from the vinous fermentation 
In this the mucilage of the corn is not previoul) 
brought into the ſaccharine ſtate. It quickly become 
ſour, if the proceſs be not ſtopped by baking; “ 


which particular, the fermentation ſeems to be d 
thi 
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the acetous kind. The development of fixed air di- FexmenTA- 
vides the dough into thin parts, which are more effec- , T'9N+ 
tually and better baked than they could have been in Bread. 
the ſolid conſiſtent maſs. When bread is fermented 


by means of yeaſt, the proceſs appears to be of a 
"faccharine or vinous nature. 


«I 
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| 
ft | CHAP. VIII. 
{ly 


1 CONCERNING VINOUS FLUIDS AND ARDENT SPIRIT 


vi cous en the habits of ſociety, the making of wine, 

. depot e beer, and ardent ſpirits, is become an object of 
N The making of confidgrable importance. Wine is the expreſſed juice 
| 1 — of the grape which has undergone the firſt ſtage of 
fermentation, In this, which in general appears to, 

be the beſt kind of fermented liquor, there are great 
differences, which depend no leſs on the kind and 
quality of the fruit than on the proceſs of manu- 
facturing. If the fruit be gathered unripe, the juice 
will abound with acid, and the wine will be thin and 
ſharp; but, if the fruit be ripe, it will contain much 
ſaccharine juice, and the wine will be ſweeter. If 
N the wine be caſked in an early ſtage of the fermenta- 
tion, much of the ſugar will remain undecompoſed, 
and the wine will be ſweeter on that account, eſpe- 
| y cially if the fermentation be checked by a conſiderable 
4 degree of cold; but, on the contrary, when the pro- 
| 9 greſs of the fermentation ip only impeded by the coer- 
1 cion of the veſſel, which prevents the eſcape of the 
| 
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fixed air, a light increaſe of temperature, ſuch as that 
of a room in a dwelling-houſe compared with the 
temperature of a cellar, will cauſe it to proceed with 
great rapidity as ſoon as the veſſel is opened. Wines 
in this ſtate are very briſk and lively, from the pre- 
- dominating acidity of the fixed air, which is haſtily 
diſengaged. 


Beer 


MALT. Br. 


Beet is the wine of grain. Malt is uſually made of vixous 


barley. This grain is ſteeped for two or three days in 


tinges the water of a bright reddiſh brown colour, 
The water being then drained away, the barley is 
ſpread about two feet thick upon a floor, where it 
heats ſpontaneouſly, and begins to grow, by firſt 
ſhooting out the radicle. In this ſtate the germination 
js ſtopped, by ſpreading it thinner, and frequently 


of turning it over for two days; after which, it is again 
to made into an heap, and ſuffered to become ſenſibly 
at hot, which uſually happens in little more than a day. 


Laſtly, it is conveyed to the kiln, where, by a gra- 
dual and low heat, it is rendered dry and criſp. This 
is malt; and its qualities differ according as it is 
more or leſs ſoaked, drained, germinated, dried, and 
baked. In this, as in other manufactories, the intel- 
ligent operators often make a myſtery of their pros 
celles, from views of profit; and others pretend to 
peculiar ſecrets, who really poſſeſs none. 


to be ſuffered to grow into the blade, as well as root, 28 
before it is fit to be made into malt. For this pur- 
poſe, it is buried about two or three inches deep in 
the ground, and covered with looſe earth; and in ten 
or twelve days it ſprings up. In this ſtate it is taken 
up and waſhed, or fanned, to clear it from its dirt, 
and then dried in the kiln for uſe. 


pieces by a mill. This is placed in a tun, or tub, with ** 
a falſe bottom; hot water is poured upon it, and the 
whole ſtirred about with a proper inſtrument. The 


cer 11 tempe- 


water till it ſwells, becomes ſomewhat tender, and The malting of 


Indian corn, and probably all latge grain, require = 


Beer is made from malt previouſly ground, ot eut in — of 
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VINOUS 
* FLUIDS, 
— 
Brewing of 
beer. 


Metheglin and 


koumiſs. 


METHECLIN. KOUMISS, 


temperature of the water in this operation, called 
maſhing, muſt not be equal to boiling; for in that 
caſe the malt would be converted into a paſte, from 
which the impregnated water could not be ſeparated. 
After the infuſion has remained for ſome time upon 
the malt, it is drawn off, and is then diſtinguiſhed by 
the name of ſweet wort. By one or more ſubſequent 
infuſions of water, a quantity of weaker wort is ob- 
tained, which is either added to the foregoing, or 
kept apart, according to the intention of the ope- 
rator. The wort is then boiled with hops, which 
give it an aromatic bitter taſte, and are ſuppoſed to 
render it leſs liable to be ſpoiled in keeping; after 
which, it is cooled in ſhallow veſſels, and ſuffered to 
ferment, with the addition of a proper quantity of 
yeaſt, The fermented liquor is beer; and differs 
greatly in its quality, according to the nature of the 
grain, the malting, the maliiing, the quantity and kind 
of the hops and the yeaſt, the purity or admixtures of 
the water. made uſe of, the temperature and viciſl- 
tudes of the weather, &c. oo 

Beſides wine and beer, which are made immedi- 
ately from vegetables; other fermented liquors, con- 
taining ardent ſpirit, are made from honey and from 
mare's milk. The former is called metheglin ; and 
the latter, which is made by the Tartars, koumils*. 
This laſt is made by agitating the milk, at the time 
when its parts begin to ſeparate, by a fermentation 
productive of a peculiar acid, called the acid of milk, 
hereafter to be deſcribed. 


* Grieve, in the Edinburgh Tranſactions, vol. i. p. 181. 
Is 


at 


DISTILLATION OF ARDENT SPIRIT 


In order to obtain ardent ſpirit, nothing more is 
neceflary than to expoſe wine, beer, or any other fer- 
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mented vinous liquid, to diſtillation; and the product product of vi- 


which comes over is the ardent ſpirit itſelf, contami- 
nated with eſſential oil. If this be rectified by a ſe- 
cond diſtillation, it becomes much purer. The moſt 
volatile part riſes firſt, and is of a leſs ſpecific gravity 
than that which comes over afterwards. 

The reſidue, after the diſtillation of ardent ſpirit 
from wine, is of a deep colour, a rough acid taſte, 
and depoſits cryſtals of tartar. The colouring matter 
is ſoluble in ardent ſpirit. So that it appears, from 
this imperfect analyſis, that wine conſiſts of water, 
ardent ſpirit, colouring matter of a reſinous nature, 
ſugar, tartar, and tartareous acid, and an aromatic 
principle. 


nous liquors by 
diſtillation, 


Reſidue. 


The ſtrength or purity of ardent ſpirit is aſcertained Strength of ar- 


dent ſpirit de- 


from its ſpecific gravity z for the addition of water termined by M, 
renders it heavier. ' According to M. Bories, whoſe Vries. 


Memoir, publiſhed at Montpellier in the year 1774, 
obtatned the prize propoſed by the ſtates of Languedoc 
in 1772, the ſpecific gravity of rectiſied ardent ſpirit, 
repeatedly poured on dry falt of tartar till it would no 
longer diſſolve or liquefy it, was found by many expe- 
riments to be as follows: 
Reaumur's Therm. + 109 = 820 5327 
15% = B17 18K. 
200 = 813 321 
The ſpecific gravities of mixtures, by meaſure, of 
the foregoing ſpirit with diſtilled water, were as 


follows: 


iy Tempe- 


434 STRENGTH OF ARDENT ©PIRIT. 


4 N ARDENT Temperature + 159 Reaumur. 

j , Spirit 10 Water o Specific gravity 817 787 

tf Specific gravi- 9 — 1 — — 844 3372 
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Obſervations. Upon the above experiments, which are among the 
5 moſt accurate we poſleſs*, it may be obſerved, that the 
firſt term, or pure ſpirit, ought to be obtained with an 
alkali perfectly mild, or ſaturated with fixed air; be- | 
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i cauſe, otherwiſe, ſolution and combination of the alkali 
| | with the ſpirit might take place. By diſtillation of 1 
bt twenty meaſures of the beſt ardent ſpirit of the ſhops, 


whoſe ſpecific gravity was 0.836 over a lamp in glaſs 


veſſels, I found the firſt meaſure which came over had t 

Strongeſt ar- a ſpecific gravity of 820, at the temperature of 71 a 
andy, af Fahrenheit; which anſwers to 173 of Reaumur. This a 
** is the ſtrongeſt fpirit mere diſtillation can afford. ſt 
When ſtrong ardent fpirit is added to water, a conſider- I 

able heat is produced, a few bubbles of air are emitted, u 

the mixture contracts in its dimenſions, and acquires a n 

greater ſpecific gravity than would have been deduced v: 

by computation. bi 

see a very valuable ſet of experiments on this ſubject by Mr, th 

Gilpin ; of which Dr. Blagden has made a report in the Phil, I ran. Va 

Ixxx. 321. Theſe are amply tabulated in the TranſaRtions: for 1794 If 


and an a ſtract of the reſults is given in the Chemical Pictionarj, 
Art. Spirit, ardent. ; f 


PROOFS OF BRANDIES, ETC. 


It is by no means an eaſy undertaking to determine ARDENT 


the ſtrength or relative value of ardent ſpirit, even 


with ſufficient accuracy for commercial purpoſes.— Requiſites or 


The following requiſites muſt be obtained before this 


aſcertain the 


. : : in ſtrength of ſpi · 
can be well done: The ſpecific gravity of a certain t pt 


number of mixtures of ardent ſpirit and water muſt 
be taken ſo near each other, as that the intermediate 
ſpecific gravities may not perceptibly differ from̃ thoſe 
deduced from the ſuppoſition of a mere mixture of 
the fluids : the expanſions, or variations of ſpecific gra- 
vity, in theſe mixtures, muſt be determined at different 
temperatures : ſome eaſy method muſt be contrived of 
determining the preſence and quantity of ſaccharine or 
oleaginous matter which the ſpirit may hold in ſolu- 
tion, and the effect of ſuch ſolution on the ſpecific 
gravity : and, laſtly, the ſpecific gravity of the fluid 
muſt be aſcertained by a proper floating inſtrument 
with a graduated ſtem, or ſet of weights; or, which 
may be more convenient, with both. - 


The ſtrength of brandies in commerce is judged by Phial proof. 


the phial, or by burning. The phial proof conſiſts in 
agitating the ſpirit in a bottle, and obſerving the form 
and magnitude of the bubbles, which are larger the 
ſtronger the ſpirit. Theſe probably depend on the ſo- 
lution of reſinous matter from the caſk, which is taken 
up in greater quantities, the ſtronger the ſpirit. It is 
not difficult however to produce this appearance, by 


various ſimple additions to weak ſpirit. —The proof by Proof by burn- 


burning is alſo fallacious; becauſe the magnitude of 228 
the flame, and quantity of reſidue, in the ſame ſpirit, 
vary greatly with the form of the veſſel it is burned in. 
If che veſſel be kept cool, or ſuffered to become hot, 
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CHARACTERS OF ARDENT S$PIRIT. 


if it be deeper or ſhallower, the reſults will not be 
the ſame in each caſe. It does not follow, however, 
but that manufacturers and others may in many in- 
ſtances receive conſiderable information from theſe 
ſigns, in circumſtances exactly alike, and in the courſe 
of operations wherein it would be inconvenient to re- 
cur continually to experiments of ſpecific gravity. 


characters ans Themoſt remarkable charaCteriſtic property of ardent 


component 


parts of ardent 


Ipirit.: 


„Lite uſes and 
combinations, 


ſpirit is its ſolubility or combination in all proportions 
with water; a property poſſeſſed by no other combuſ- 
tible ſubſtance. When it.is burned in a chimney 
which communicates with the worm- pipe of a diſtilling 
apparatus, the product which is condenſed is found to 
conſiſt of water, which exceeds the ſpirit in weight 
about one eighth part. If ardent ſpirit be burned in 
cloſed veſſels with vital air, the product is found to be 
water.and fixed air. Whence it is inferred, that ar- 
dent ſpirit conſiſts of inflammable air, united either to 
fixed air, or its acidifiable baſe z and that the vital air, 
uniting on the one part with inflammable air, forms 
water; and, on the other, with the baſe of the fixed 
air, and forms that acid*, 

A conſiderable number of the uſes of this fluid, as a 
menſtruum, have already paſſed under our obſervation. 
The mutual action between ardent ſpirit and acids, 
produces a light, volatile and inflammable oil, called 
ether. Pure alkalis unite with ſpirit of wine, and form 
alkaline tinctures. Few of the neutral ſalts unite with 


For an account of theſe experiments, and the precautions neceſ+ 
ſary to be attended to in making them, conſult the Memoirs of M. 
Lavoiſier, in the Memoirs of the Royal Academy at Paris for 1781 


and 1784. 
this 
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this fluid, except, ſuch as contain the volatile alkali, azvzxT | 
The mild fixed alkalis, or combinations of alkali and , *****T+ | 
fixed air, are not ſoluble in it. From the ſtrong at- Mutual action | 
traction which exiſts between ardent ſpirit and water, 2% f fpirit | 
it unites with the laſt in ſaline ſolutions, and in moſt 

caſes precipitates this ſalt. This is a pleaſing experi- 

ment, which never fails to ſurpriſe thoſe who are un- 

acquainted with chemical effects. If, for example, a 

ſaturated ſolution of nitre in water be taken, and an 

equal quantity of ſtrong ſpirit of wine be poured 

upon it, the mixture will conſtitute a weaker ſpirit, 

which is incapable of holding the nitre in ſolution ; it 

therefore falls to the bottom inſtantly, in the form of 

minute cryſtals. Among the neutral ſalts which are 

ſoluble in ſpirit of wine, the deliqueſcent earthy ſalts 

ſtand firſt, Moſt ammoniacal ſalts are ſoluble in this 
menſtruum ; and in general it combines more readily 

with ſuch as have their acid leſs adherent to the neu- 

tralizing baſe. 

Sulphur does not appear to be acted on more —and ſulphur: 
ſtrongly by ardent ſpirit than by water. If ſulphur in 
ſublimation meet with the vapour of ſpirit of wine, a 
very ſmall portion combines with it, which communi- 
cates an hepatic odour to the fluid. The increaſed 
ſurface of the two ſubſtances appears to favour the 
combination. . 

Phoſphorus is ſparingly ſoluble in ardent ſpirit, but —and phot- 
in greater quantity by heat than in the cold. The ad- PP» 
dition of water to this ſolution affords an opake milky 
fluid which gradually becomes clear by the ſubſidence 
of the phoſphorus. 

Earths ſcem to have ſcarce any action upon ardent —and earths 

114 ſpirit. 


483 COMBINATIONS OF ARDENT $PIRIT' 


Abr ſpirit. Quick-lime however produces ſome alteration * 


SPIRIT. in this fluid, by changing its flavour, and rendering it 
Ks of a yellow colour. A ſmall portion is probably taken 
up. 

/ Be are diflolved with great facility in ardent 
ſpirit, with which they combine more readily than with 
water. None of the metals, nor their calces, are acted 

Spirituous ſolu- upon by this fluid. Reſins, eſſential oils, camphor, 

FR bitumen, and various other ſubſtances, are diſſolved 
with great facility in ardent ſpirit, from which they 
may be precipitated by the addition of water. 
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vITRIOLIC ETHER» 


CHAP. IX. 


CONCERNING THOSE INFLAMMABLE FLUIDS WHICH 
ARE PRODUCED BY THE ACTION OF ACIDS UPON 
SPIRIT OF WINE, AND ARE KNOWN BY 

THE NAME OF ETHER. 


HEN ftrong vitriolic acid is poured upon an 
equal meaſure of rectified ſpirit of wine, the 
two fluids unite together, with a hiſling noiſe and the 
production of heat, at the ſame time that a fragrant 
vegetable ſmell is emitted, reſembling that of apples. 
It is more advantageous, however, to add the acid in 
ſo gradual a manner as to produce little or no heat. 
If the mixture be made in a retort, and then expoſed 
to diſtillation by a well-regulated heat in a ſand-bath, 
a large receiver being adapted, and kept cool by im- 
merſion in water, or by the frequent application of 
wet cloths, the volatile products may be ſafely con- 
denſed. Spirit of wine of a fragrant ſmell comes 
over firſt, and is followed by the ether, as ſoon as the 
fluid in the retort begins to boil. At this period the 
upper part of the recciver is covered with large diſtinct 
ſtreams of the fluid, which run down its ſides. After 
the ether has paſſed over, volatile ſulphureous acid 
ariſes, which is known by its white fumes and pecu- 
liar ſmell. The receiver muſt now be removed, and 
another ſubſtituted in its place, care being taken to 


avoid hreathing the penetrating fumes of the acid. 
The 
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xTHER» The fire muſt at the ſame time be moderated, becauſe L 
ere, the reſidue in the retort is diſpoſed to ſwell. A ſalin 
yirriolic ether. light yellow oil, called ſweet oil of wine, comes capa 

over after the ether, and this is ſucceeded by black com 
and foul vitriolic acid. The reſidue varies in its pro- unit: 
perties, according to the management of the heat. If com 
the fire be much increaſed towards the end of the diſtil 
proceſs, the volatile vitriolic acid which comes over rend 
will be mixed with vinegar. If the remaining fluid tiful 
contained in the retort, after the ether has paſſed T 
over, be not urged farther, it may be made to afford upor 
more ether by the addition of one-third of very ſtrong tion, 
ardent ſpirit z and this may be repeated ſucceſhvely, olic 
until near twice the quantity of the ſpirit originally aſſiſt 
made uſe of has been added. even 
Redtification Ether of the firſt diſtillation is not pure, but con- man: 
tains ſpirit of wine and ſulphureous acid, which may ſion, 
be ſeparated by the addition of a fixed alkali, and the | 
rectifying with a gentle heat. In this rectification, recti 
as in all others, the firſt products are the pureſt. cont: 


characters. Vitriolic ether is one of the lighteſt and moſt vo- of v. 
| latile of all denſe and unelaſtic fluids. Its diſſipation to pi 


into the air is ſo ſudden as to produce an extreme de- on t 
gree of cold. It is highly inflammable, and burns apita 
with a more luminous flame, and emits more ſmoke, gravi 


than ardent ſpirit. 
Solubility in About ten times its weight of water is ſufficient 
water. to difſolve it. A ſmall proportion of water renders 
unrectified ether more pure, becauſe it combines with 
the ardent ſpirit and acid it may contain; but there 
is reaſon to think, on the other hand, that the ether 


diſſolves, and combines with part of the water. 
| Little 
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Little is known of the action of this fluid upon zruxa. 
ſaline ſubſtances. Lime and fixed alkalis do not ſeem — 
capable of uniting with it. Cauſtic volatile alkah 2 
combines with it in all proportions; vitriolic acid 
unites with it, and extricates heat, and from this 
combination ſweet oil of wine may be obtained by 
diſtillation. Nitrous acid efferveſces with ether, and 
renders it more oily. It diſſolves camphor very plen- 
tifully. 

The nitrous acid acts very rapidly and powerfully Method of pre- 

* + . . . 4 paring nitrous 
upon ardent ſpirit, with which it forms a combina- ether. 
tion, poſſeſſing properties ſimilar to thoſe of the vitri- 
olic ether, The combination takes place without the 
aſſiſtance of heat, and with ſuch facility, that it is 
even neceſſary to add the acid by degrees, and to uſe 
management for the purpoſe of preventing an explo- 
ſion, which might ariſe from the heat generated by 
the mixture. For this purpoſe, fix ounces of highly 
reAihed ſpirit of wine are put into a bottle capable of 
containing a pound of water, and immerſed in a tub 
of very cold water, in which it will be advantageous 
to put three or four pounds of ice broken ſmall. Up- 
on the ſpirit in this ſituation, and kept continually 
agitated, four ounces of ſpirit of nitre, of the ſpecific 
gravity of 1.5, are to be poured, in four or five ſucceſ- 
five portions. As ſoon as the mixture is completed, 
the bottle muſt be cloſed with a good cork, ſecured 
with leather and packthread, or wire; and the whole 
muſt be left in a place where it may remain undiſ- 
turbed ; no other attention being neceſſary than that 
of renewing the water, from time to time, as it may 


become heated. In the courſe of two or three hours, 
the 


% 
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xTHER. the tranſparency of the fluid becomes troubled by an that 
8 D infinity of drops of ether, which are diſengaged from flying 
preparing ni- every part of its volume. This ether gradually riſes to hic 


— ſurface; and at the end of twenty-four hours it ſeem 
may be ſeparated from the reſt of the liquor by means woul 
of a funnel. In opening the phial, it is neceſſary firſt in th 
to pierce the cork with a pointed inſtrument, in order confi 
that a quantity of elaſtic fluid may eſcape, which might ether 
otherwiſe ſuddenly follow the cork, and carry part of a du 
the fluid along with it. The quantity of ether ob. ceſſiy 
tained in this manner will be about four ounces. begin 

Characters. Nitrous ether in this ſtate reſembles vitriolic ether addec 
in its ſmell, but it is ſtronger and leſs agreeable. Its degre 
colour is a light orange; and a portion of the fluid it mi 
takes the elaſtic form, and eſcapes with efferveſcence come 
whenever the bottle, which contains it, is opened, olic a 
This ether appears to contain a portion of uncombinet” by th 
acid, upon which theſe phenomena probably depend. be in 
It muſt be rectiſied with a ſmall addition of alkali ſpirit 
during which operation it loſes near half its weight. quant 
The rectiſied nitrous ether burns with a flame rather of wi 
more luminous than that of vitriolic ether, at the acid: 
ſame time that it affords a ſome what larger portion firſt r 
of ſmoke, and leaves a black trace behind it. In tain f 
other reſpects it ſeems nearly to reſemble the vitriolic contai 
ether. vitriol 

Nitrcus ether may be made with leſs danger, it then | 
the acid be diluted, and the quantity of ſpirit duly duct x 
proportioned. It may alſo be had by diſtillation of a with 
mixture of the two fluids, in the ſame manner as the added 
vitriolic ether; but in this caſe it is requiſite that the by m 
receiving veſſels ſhould be uncommonly large, an! this pi 


that 


NITROUS ETHER, 


that every precaution ſhould be taken to prevent their 
flying in pieces by the force of the elaſtic product 


which eſcapes; and, upon the whole, it does not preparing ni- 


ſeem probable that any ordinary degree of precaution 
would be ſuſhcient to inſure the operator from danger 
in this diſtillation. One very eſſential circumſtance 
conſiſts in uſing the acid in a diluted ſtate. —Nitrous 
ether has alſo been made by leſs direct proceſſes. If 
a due proportion of nitre and vitriolic acid be ſuc- 
ceſſively put into a tubulated retort, the nitrous acid 
begins to be diſengaged ; and, if ſpirit of wine be 
added to this mixture, nitrous ether comes over. Some 
degree of precaution is neceſſary in this proceſs; and 
it might be doubted whether part of the ether which 
comes over might not have been formed by the vitri- 
olic acid, if moſt of the difficulties were not removed 
by the uſe of the apparatus, fig. 22. If the tube E 
be immerſed in a bottle containing highly rectiſied 
ſpirit of wine, and the nitrous acid be diſtilled from a 
quantity of nitre equal in weight to twice the ſpirit 
of wine, together with as muci concentrated vitriolic 
acid as is equal to half the weight of the nitre; the 
hrit receiver D will, at the end of the operation, con- 
tain fuming nitrous acid; the remote bottle E will 
contain an ethereal liquor; and the reſidue will be 
ritriolated tartar. The ethereal ſpivit of? wine may 
then be diſtilled, and the firſt two-thirds of the pro- 
duct reſerved. This reſerved product muſt be diſtilled 
with one-fifth of its weight of ſmoking nitrous acid, 
added by degrees to the liquor in a tubulated retort, 
by means of a long-necked funnel. Two-thirds of 


this product only are to be taken; which, being recti- 
5 fied 
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ETHzR. fied from pot-aſh, afford at firſt a quantity of very pure \ 
OY nitrous ether, equal to about one twelfth of the ſpirit has 
made uſe of; and three-fourths of the reſt being bur 

diſtilled over conſiſt of a leſs perfect ether, or mineral er 

anodyne liquor. The reſidues of the diſtillations con- 1 

fiſt of dulcified ſpirit of nitre “. tain 

It is proper, even here, to take notice that all mix. ſpir 

tures of the nitrous acid and ardent ſpirit require to and 

be made very gradually, and with great caution, for days 

fear of exploſions. , EXP( 

The refidue, after diſtillation of nitrous ether, 1 whi 

found, in ſome proportions of the materials and ma- uic 

nagement of the proceſs, to contain no nitrous acid, add 

but an imperfect vinegar, and the acid of ſugar or lolv 

ſorrel. imm 

Method of The marine acid cannot be combined with ſpirit of to o 

preparing ma- , , . | > gy uſl 

rin ether. wine in the direct way. There are many indirect E 
methods, which conſiſt in applying the dephlogiſticated half 

or aërated marine acid to ardent ſpirit. If to four whie 

ounces of common ſalt, and two ounces of pulverized moſt 
manganeſc, there be added two ounces of concentrated * 

vitriolic acid, and fix ounces of the pureſt ardent ſpi- ſpirit 

rit, and the whole be expoſed to diſtillation by a gentle by d 

heat, the marine acid will firſt riſe, ſomewhat changed; So 

and, after a conſiderable portion has paſſed over, it muſt if ar 

be poured back upon the reſiduum, and diſtilled afreſh, ſolve 
In this diſtillation, nearly the half which firſt comes 5% 
over will be dulcified ſpirit of ſalt; and the greateſt the a 
part of the other half, marine ether, which may be Sa 
feparated from the reſt by the addition of water. of fs 
wate! 

than 


De la Planche, quoted by Fourcroy, iv. 252. 


9 | Marine 
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Marine ether is very tranſparent and volatile, and TER. 
has nearly the ſame ſmell as the vitriolic ether. I 
burns like that fluid, and affords a ſmoke, with a ſuffo- ' 
cating ſmell. 

It is doubted whether any ethereal fluid can be ob- Methods of 
tained by the direct union of acetous acid and ardent fc... 
ſpirit. If equal parts of the ſtrongeſt acetous acid 
and ardent ſpirit be mixed together, and kept for ſome 
days in a well- ſtopped glaſs, and the mixture be then 
expoſed to diſtillation by a gentle heat, the firſt half 
which comes over will, it is ſaid, conſiſt of an ethereal 
fluid, from which the ether may be ſeparated by the 
addition of a ſixteenth part of vegetable alkali diſ- 
ſolved in four times its quantity of water. The ether 
immediately riſes to the top, and commonly amounts 
to one half of the quantity of the ardent ſpirit made 
uſe of. To the vinegar that remains in the retort 
half the quantity of ardent ſpirit may be added, by 
which ſtill more of the ether may be obtained. 'The 
moſt certain and incontrovertible method, however, 
appears to conſiſt in forming the union between the 
ſpirit and acid by indirect means. This may be done 
by decompoſing ſome acetous ſalt, by the addition of 
a mineral acid, while ardent ſpirit is preſent. Thus, 
if an ounce of alkali ſaturated with vinegar be diſ- 
ſolved in three ounces of ſpirit of wine, and a little 
more of any mineral acid than is ſufficient to ſaturate 
the alkali be added, and the maſs be then diſtilled, 
acetous ether will be obtained. Or if eight ounces 
of ſugar of lead be gently dried, to deprive it of its 
water of cryſtallization, which amounts to rather more 
than one-fourth of its weight; if in this ſtate it be 
put 
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ETHER, put into a glaſs retort, and a mixture of five ounces of wit 
De engt. vitriolic acid, and eight ounces of ſpirit of wine, be "RY 
poured on it, and the whole expoſed to diſtillation by fro 

a very gentle heat, the firſt ounce that paſſes over will that 

conſiſt of dulcified acetous acid, the next ounce will que 

be almoſt all ether, and the whole quantity of ether 7 

produced will be near four ounces. win 

Acetous ether is not nearly ſo volatile as the nitrous / 

or vitriolic ; it burns with a blue flame, like ſpirit of ſolu 

. wine. N one 
Leneous ether. The empyreumatic acid of wood likewiſe affords au part 
ether. For this purpoſe it may be diſtilled from beech, mar 

reified a ſecond time, and then ſaturated with alkali, afte 

Three pounds of the acid require about five ounces of float 

alkaline ſalt. By evaporation to dryneſs, with ſubſe- This 

quent ſolution, filtration, and evaporation, three ounces with 

and a quarter of neutral ſalt are obtained. The con- T 

centrated acid of wood may be diſengaged from this proc 

by diſtillation with two ounces of vitriohc acid ; and plain 

the quantity of acid of wood thus obtained weighs an noth 

ounce and three quarters. By mixing this with an wate 

equal quantity of pure ardent ſpirit, and diſtilling it in rente 

a ſmall retort, near two ounces and a quarter of ether aſcer 

are obtaincd. cont: 

Saccharine Equal parts of ſalt of ſorrel and ardent ſpirit afford actio 
about one- fiſth of their weight of ether. The acid of ſuffer 
ſugar likewiſe affords an ether with ſpirit of wine, upon 

which can hardly be ſuppoſed to difft: from the fore- ſome 
going, as the two ſalts are the ſame. the u 

Phoſphoric The acid of phoſphorus does not produce an ethe- have 
ether. real combination by direct diſtillation with ardent baſis, 


ſpirit: but it is ſaid that the combination takes place 
| With 


YARIOUS ETHERS, 


with a due mixture of ardent ſpirit, vitriolic acid, and Taz. 
microcoſmic ſalt ; the phoſphoric acid being expelled — | 


from its baſe, probably in a more dephlogiſticated ſtate | 
than when obtained by ſuffering phoſphorus [to deli- 
queſce in the air. 


The acid of ants produces an ether, with ſpirit of Echer pro- 


wine, by ſimilar treatment. 


duced by acid 


Acid of benzoin does not produce ether by ſimple by acid of 
ſolution; and ſtanding in ſpirit of wine; but, when 9 


one part of the acid of benzoin is diſtilled with three 
parts of ardent ſpirit, and one half part of common 
marine acid, the pure ſpirit comes firſt over, and 
afterwards an ethereal combination, one part of which 
floats upon water, and the other ſinks to the bottom- 
This is not more volatile than acetous ether, and burns 
with a bright flame and ſmoke. 


The converſion of ardent ſpirit into ether, is a General obſer. 


proceſs concerning which much remains to be ex- 
plained, It was formerly thought that the acid did 
nothing more than deprive the ſpirit of a quantity of 
water, which was before combined with it, and pre- 
vented its exhibiting oleaginous properties. It ſeems 
aſcertained however, at preſent, that all the ethers 
contain a portion of that peculiar acid by whoſe 
action the ſpirit was changed; as may be ſhewn by 
ſuffering them to 'evaporate, or burning them away 
upon water. It appears therefore that the acid, or 
ſome of its component parts, combine either with 
the whole or part of the ardent ſpirit. Some chemiſts 
have with conſiderable probability aſſerted, that the 
baſis, or acidifiable principle, of the acid combines 
with the ſpirit by the effect of a double affinity; ſo 
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/ obſervations. negar; another portion combines with the vegetable 


OBSERVATIONS ON ETHER, 


that the vital air of the acid combines with a portion 
of acetous baſis exiſting in the ſpirit, and forms vi- 


principles exiſting in ſuch a ſtate as'to form the ſac- 


charine acid; and, laſtly, the acidifiable baſis itſelf, 


which gave out this vital air, is ſuppoſed to combine 
with the undecompoſed ſpirit, or vegetable inflamma- 
ble matter, and riſe in the form of ether. In this view 
of the ſubject, the nitrous ether is more particularly 
attended to, and the inferences are extended to other 
ethers; and oils are ſuppoſed to conſiſt of vegetable 
inflammable matter, combined with the baſis of an 
acid *. 


* 


* On Ethers, ſee Wiegleb's Chemiſtry, by Hopſon, p. 3 to et ſeq; 
Scheele's Eſſays, &c. 
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CHAN . 
CONCERNING THE ACETOUS ACID; 


\ 5 moſt of the compounded vegetable acids are 
convertible; by nitrous acid and by other means, 
into acid of ſugar; and this laſt into vinegar, it is 
evident that fermentation is only one of the proceſſes 
which change the principles of plants into this leaſt 
deſtructible of vegetable acids. All the vinegar how- 
ever which is uſed in the common purpoſes of life, is 


ACETOUS 
ACID, 


8 


obtained by fetmentation. Crude vinegar contains not Crude vinegar. 


only that peculiar acid which is diſtinguiſhed by the 
name of acetous, but likewiſe tartar, oily matter, and 
frequently ſome of the acids of the fruits from which 
it may have been procured, It is uſual to purify it 
by diſtillation. The firſt product conſiſts of a watery 
fluid, of a lively and agreeable ſmell, though ſcarcely 


acid. Next follows the acetous acid, commonly call- pigitled vine- 


ed diſtilled vinegar, which has a peculiar ſmell, lefs 
agreeable than that of the crude vinegar. As the 
diſtillation proceeds, the volatile product becomes 
more and more acid, ſomewhat darker coloured, and 
of an empyreumatic ſmell. The reſidue; after the 
greateſt part of the fluid has been volatilized, has 
a deep browniſh red colour: is conſiderably acid, and 
depoſits a quantity of tartar. By diſtillation to dry- 
neſs, it affords # reddiſh phlegm ; more acid; an oil, at 
firſt light, and afterwards heavy; together with a 
ſmall quantity of volatile alkali : the reſidual coal con- 

K k 2 tains 


2 or agetous 
acid 


Soo CONCENTRATION OF VINEGAR. 


AczToUs tains much fixed alkali. The quantity of acid product 

ACID: , reſerved as diſtilled vinegar, is commonly about two- 
thirds of the whole. 

Concentration Vinegar may be concentrated by froſt, which ſepa- 

of R0egar ÞY rates its aqueous part. This proceſs is particularly ap- 


plicable to crude vinegar ; as, by this means, the grate- 


ful flavour and peculiar properties are preſerved. An 
ingenious method has been contrived for combining 
the two proceſſes of diſtillation and congelation, in 


The moſt ad- concentrating and purifying vinegar. In this way, 
mod of n. good wine vinegar is to be diſtilled on a water bath, 
centrating It is eſſential to reſerve the phlegm, becauſe the moſt 
ak fragrant parts come over firſt, and are retained in this 
fluid. The diſtilled vinegar and phlegm being then 
expoſed to a freezing cold, and the ice taken out, a 
concentrated acid remains ; which may be completely 
deprived of its extraneous and oily parts by repeated 
reCtifications on a water bath. At the beginning of 
the rectiſication, a very ſpirituous fluid paſſes over; 
which being ſeparated, and rectified by itſelf, yields 
a true and fine ether, of a very pleaſant ſmell, and 
immiſcible with water; which ether is to be added to 
the ſtrong and purified vinegar obtained by the re- 
peated rectiſications. The author of this method 
obſerves, that the peculiar and unpleaſant ſmell af 
diſtilled vinegar proceeds from ſome oily parts which 
paſs over in the diſtillation; and that, when theſe 
parts have been ſeparated by rectifying the acid con- 
centrated by froſt, it again recovers the pleaſant ſmell 

of undiſtilled vinegar *. 


4 


| * Lowitz, in Crell's Annals, quoted by Keir in his Chemical 
Dictionary, page za. _— 


Pure 
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Pure acetous acid enters into many combinations; 4c roο 
and is recovered again by decompoſition, though . 
ſeldom perhaps in its original ſtate. In many of its Combinations 
| combinations it ſeems neceſſary that it ſhould become LN pa 
more ſtrongly acidified by attracting vital air from 
the atmoſphere, or from other bodies. This circum- 
ſtance has not been ſufficiently attended to, to admit 
of a proper diſtinction of every caſe in which it may, 
or may not, happen, We {hall not therefore attempt 
to point them out, except incidentally, and where the 
facts are clear. 

The acetous acid unites with earth of alum, or —with argilla- 
argillaceous earth, in conſiderable quantity, and forms a 
a whitiſh ſaline maſs, which is not cryſtallizable. 

There is however a diſagreement among practical 

chemiſts reſpecting this combination. Some aſſert | 
that it takes place very ſparingly, and forms ſmall 11 
needled cryſtals. Theſe differences may probably de- \_ 
pend on certain circumſtances relative to the edulcora- 

tion of the earth of alum, after it has been precipitated 

from its ſolution by an alkali. 

Calcareous earth is readily diſſolved in the acetous —with calca- 
acid, and forms a ſalt, the figure of whoſe cryſtals a oma 
varies according to circumitances, It is permanent 
in the air, unleſs the acid be in exceſs; in which 
cale it deliqueſces. Its taſte is ſharp and bitter. 
When diſtilled without addition, the acid quits the 
earth, and appears in the form of an inflammable 
vapour, which condenſes into a reddiſh brown li- 
quor; and, when reClified, is very volatile and in- 
flammable. 

The acetous acid forms a ſaline maſs by combina- 
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AcxTovs tion with ponderous earth, which does not cryſtallize, 
ACID. but, if dried, attracts moiſture from the air. 
Combination of Magneſian earth unites with acetous acid, and affords 
— — a very ſoluble ſalt; Which, when perfectly ſaturated 
and evaporated, affords a viſcid maſs, reſembling 
gum water. Its taſte is ſweetiſh at firſt, but after- 
wards bitter; and it is ſoluble in ſpirit of wine. Mere 
heat diſhpates its acid, which may be obtained by dif- 
tillation. 
—with vegeta- The combination of i alkali with the ace- 
ble alkali. 
Foliated earth tous acid, produces the ſalt improperly called foliated 
— earth of tartar. In the preparation of this ſalt, it is 
beſt to add an exceſs of acid. The evaporation muſt 
be carried to dryneſs on a water bath, in a glaſs or 
filver veſſel, This ſalt cannot eaſily be cryſtallized. 
Tts taſte is penetrating, acrid, and urinqus ; heat de- 
compoſes it: by diſtillation, it affords an acid phlegm, 
empyreumatic oil, volatile alkali, and much elaſtic 
fluid, conſiſting of fixed and inflammable air. The 
reſidual coal contains much vegetable alkali. If foli- 
ated tartar be decompoſed by the addition of vitriolic 
acid in diſtillation, the quantities being one part of 
the concentrated acid to two of the falt, in a tubu- 
lated retort, with a receiver, or apparatus of veſſels 
adapted, the acetous acid immediately riſes in the 
elaſtic form, with a ſtrong efferveſcence, and is. con- 
Radical vine- denſed in the receiver. This fluid is called radical 
JO vinegar, and its acid properties axe more intenſe than 
- thoſe of common acetous acid. It is highly probable 
that this augmentation of acidity is produced by the 
tranſition of vital air from the vitriolic acid to the 
acetous z perhaps with the contrary tranſition of phlo- 
ziſton. 
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giſton. So that, while the acetous acid becomes more ACETovus 
acidified, a portion of the vitriolic acid has its acidity © . 
diminiſhed, and is converted into ſulphureous acid, Combinations 
which comes over, and contaminates the product in the 9 
receiver. 

The acetous acid unites perfectly with the mineral ———__— 
alkali, and forms a cryſtallizable permanent ſalt. The 8 
properties of the acetous ſalt of mineral alkali do not 
remarkably differ from thoſe of the-foliated earth of 
tartar. By diſtillation with vitriolic acid, it affords a 
purer acetous acid than the foliated tartar does. 

The ſalt formed by uniting acetous acid with vola- —with volatile 
tile alkali, has been called ſpirit of Mindererus, or — 
acetous ſal ammoniac. It does not eaſily cryſtallize ; 
for which purpoſe it requires to be evaporated to the 
conliſtence of ſyrup, and then expoſed to the cold. It 
ſoon attracts the moiſture of the air, and has a ſharp 
and burning taſte. This ſalt is decompoſable by heat ; 
by lime and alkalis, which ſeize its acid; or by the 
mineral acids, which ſeize its baſe. 

The acetous acid has no effect on gold in the me» with gad: 
tallic ſtate. When added to a ſolution of gold, it 
throws it down in the metalline form. The precipi- 
tate of gold effected by a fixed alkali becomes of a 
purple colour when digeſted with the common acetous 
acid. Radical vinegar diſſolves it. 

Silver is not acted on by acetous acid; though the with Giver. 
calces of this metal, obtained by an alkali from nitrous 
acid, are ſoluble, 

Platina is likewiſe inſoluble in this acid; though 
its precipitate from aqua regia, by a fixed alkali, is 
ſoluble. © 
Kk 4 Acetous 
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acerous Acetous acid does not appear to be affected by mer. 
© ACID. , Cury ; but it diſſolves the mercurial calces. The cryſ- 
Combination of tals of this ſolution have a foliated appearance, reſem- 
— "bling that of the acid of borax. 
—with lead: Lead is diſſolved with the greateſt facility by vine. 
Page 279 gar. The manufacture of ceruſe and ſugar of lead has 
before engaged our attention. | 
ich copper: Copper is likewiſe ſoluble in vinegar, provided at- 
moſpheric air be preſent. The cryſtals of acetous acid 
and copper are improperly called diſtilled verdigriſe. 
It is from this ſalt that radical vinegar has uſually been 
diſtilled by mere heat, without addition. It is at firſt 
coloured by a portion of copper, which comes over; 
for which reaſon it muſt be rectiſied by a gentle heat. 
The reſidue, after diſtilling the acetous ſalt of copper, 
conſiſts of the metal in its reguline ſtate ; whence it 
is ſeen that the vital air required to calcine the cop- 
per, comes over with the acid, which conſequently is 
in a dephlogiſticated or aërated ſtate. The laſt por- 
tion of radical acid which comes over is inflammable, 
and congealable by cold. 
wich iron. Iron is readily diſſolved by the acctous acid, with 
a ſlight efferveſcence, and the diſengagement of inflam- 
mable air. This ſolution depoſits much calx of iron 
by evaporation ; and yields a few deliqueſcent cryſtals 
Compare page When cool. Very little action takes place between 
318. common vinegar and iron filings, unleſs by ſtanding ; 
during which time, it is probable that the action of the 
air may contribute in ſome degree to the effect. 
1 When tin is digeſted with the acetous acid, a ſmall 
portion _ to be taken up. The acid becomes 
turbid, 
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zurbid, acquires a metallic taſte, and affords a ſmall Ac rous 
uantity of precipitate by alkalis. n 

x Biſmuth and its calx are ſoluble in this acid, Merallic com- 

though ſparingly. Nickel is diffolved, and the ſolu- 2 

tion affords green cryſtals. Regulus of arſenic is inſo- 

luble, but its calx is taken up. The regulus of cobalt 

is likewiſe inſoluble; its calx affords a pale roſe- 

coloured ſolution, which is a ſympathetic ink, and re- 

ceives a green colour from marine acid. Zinc is ſolu- Zinc an impro- 

ble not only in its metallic and calciform ſtates, but — ham gyro 

alſo, as it is ſaid, when mixed with other metals: hence veſſels. 

it ſhould ſeem ill calculated to defend copper veſſels 

from the action of this vegetable acid. The ſolution 

of zinc in common acetous acid affords plated cryſtals, 

Regulus of antimony is very ſparingly acted on by the 

acetous acid; inſomuch that it might be judged that no 

aclion took place, if it did not impart an emetic quality 

to the fluid. Manganeſe is not ated on by this acid 

but with great difficulty, though repeated diſtillations 

at length combine the two ſubſtances. Ir has not been 

aſcertained whether the acetous acid has any action 

wpon wolfram or molybdena, | 
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PARTICULAR CHEMISTRY. 


SETTION VI. 


CONCERNING THE PRODUCTS OF THE 
ANIMAL KINGDOM. 


CHAP. I. 


A SHORT ENUMERATION OF SUCH ANIMAL sor- 
STANCES AS HAVE BEEN EXAMINED BY 
CHEMISTS. 


ANIMAL | hw general ſtructure and methods of analyſing 
$UBSTANCES. animal ſubſtances have been already noticed, 
%nalyfis and It therefore remains only to enumerate and deſcribe 
raugement. the ſeveral products of this kingdom which have en- 
_ © gaged the attention of chemiſts. In the arrangement 

of theſe, as in the vegetable kingdom, we cannot, on 

r account of the imperfect ſtate of our knowledge, have 


recourſe to the nature of their component parts; but 
ſhall 


PARTS OF ANIMALS. zo 


ſhall rather attend to the means by which they are re- anna 
ſpedtively afforded or obtained. In this way we = 9 
conſider the parts of animals as either, 
1. Such as are uſually obtained without deſtroying Enumeration. 
life. Theſe are milk, eggs, urine, excrement, the mat- 
ter of perſpiration, ambergris, &c.; wax, honey, gum 
lac, ſilk, hair, horn, feathers, &c. Or, | 
2. Such parts of animals as are obtained by deſtroy- 
ing them, or depriving them of life. Theſe are blood; 
various ſolids, confounded under the name of fleſh, fat, 
ſpermaceti z bile, the gaſtric juice, and ſeveral acids; 
together with calcareous earth, and other ſubſtances, 
common to the mineral and vegetable kingdoms. 
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MILK, 

V 
= | a du 
| CHAP. Il. 5 

| tatic 
the 
| | CONCERNING MILE, EGGS, HONEY, WAX, LACCA, SILK, the 
| | HAIR, HORN, ETC, can 
| fluid 
i II X. ILK is a well known fluid, ſecreted in peculiar ſeen 
| veſſels of the females of the human ſpecies, d fern 
'k Genera Icharage quadrupeds, and of cetaceous animals, and deſtined for ſucc 
| the purpoſe of nouriſhing their young. Its appearance tatir 
17 and component parts are not altogether the ſame in V 
| B various ſpecies of animals; but the differences har: of r 
1 not yet been well aſcertained. For this reaſon, in top, 
| | treating of milk, our attention will be confined to that tains 
} | of the cow, becauſe the moſt abundantly met with, ware 
We This fluid is of a beautiful opake white colour, nearly chur 
| | as limpid as water, and of a pleaſant emulſive taſte and 
| Its appearance on the ſtage of a microſcope exhibits two 
an infinity of minute opake globules floating in 4 whey 
1 tranſparent fluid. * ed th 
1 HO _ Cows milk, diſtilled on a water bath, affords i The 
ol taſteleſs phlegm of a faint ſmell, which is capable may 
of putrefying. A ſtronger heat coagulates it. It one « 
ſometimes gradually dried into a ſubſtance which i the 


a kind of ſaccharine extract, and may again be dif- acid 
fuſed in water. By deſtructive diſtillation, milk affords its u 
an acid, a fluid oil, a concrete oil, and volatile alkal tated 
Its reſidual coal contains a ſmall quantity of vegetabe 
alkali, ſome ſalt of Sylvius, and phoſphoric calcareoui 
ſalt. | 


When 


COMPONENT PARTS OF MILK. og 


When milk is left to ſpontaneous decompoſition, at Mx. 
a due temperature, it is found to be capable of — —— 
through the vinous, acetous, and putrefactive fermen- 
tations. It appears however, probably on account of > 
the ſmall quantity of ardent ſpirit it contains, that © 
the vinous fermentation laſts a very ſhort time, and 
can ſcarcely be made to take place in every part of the 
fluid at once by the addition of any ferment. This 
ſeems to be the reaſon why the Tartars, who make a 
fermented wine from mares milk, called koumiſs, Page 482 
ſucceed by uſing large quantities at a time, and ey 
tating it very frequently, 

When milk is left expoſed for ſome hours in a ſtate 
of repoſe, a ſmall quantity of thick fluid riſes to the 
top, and is known by the name of cream. This con- Cream. 
tains the fat ſubſtance called butter, which is after- Butter. 
wards ſeparated from it by agitation in the act of 
churning. The remainder afrerwards becomes Tour, 
and undergoes a coagulation which ſeparates it into 
two parts—a ſolid curd z and a fluid, called ſerum or 
whey. This ſour whey contains a peculiar acid, call- 
ed the acid of milk, and likewiſe a portion of vinegar. 
The peculiar acid does not rife in diſtillation, but Acid of milk. 
may be ſeparated by evaporating the filtered whey to 
one eighth; and precipitating the phoſphoric falt by 
the addition of lime-water, which fully ſaturates its 
acid: the fluid is then to be diluted with three times 
its weight of water; and the redundant lime precipi- 
tated by ſaccharine acid, in which operation the exceſs 
of the laſt-mentioned acid may be guarded againſt 
by the teſt of a ſmall portion of lime-water. This 
purified liquor muſt then be evaporated to the con- 
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MILK. 


ACID OF MILK, AND ITS COMPOUNDS, 


ſiſtence of honey; and the other foreign ſubſtances 


it may contain will be ſeparated by the addition 


Acid of milk. 


Combinations 
with various 


ſubſtances. 


of pure ardent ſpirit, which takes up the acid of 
milk only. 'The decanted ſolution being then diluted 
with water, and heated, the ardent ſpirit flies off, 
and leaves the acid of milk behind, diſſolved in the 
water. 4 

This acid does not afford cryſtals; and, when eva- 
porated to dryneſs, it deliqueſces again by expoſure 
to air. With vegetable alkali it affords a deliqueſ- 
cent ſalt, ſoluble in ardent ſpirit. With mineral al- 
kali it affords a ſalt poſſeſſing the ſame properties. 
With volatile alkali it produces a deliqueſcent ſalt, 
which yields much of its alkali by diſtillation before 
the acid is deſtroyed by heat. With lime, clay, and 
ponderous earth, it forms deliqueſcent ſalts ; but with 
magneſia it affords ſmall cryſtals, which at length deli- 
queſce. The acid of milk diſſolves iron and zinc, and 
produces inflammable air. Copper aftords a dark blue 
ſolution, which does not cryſtallize, Lead is diflolved 
after ſome days digeition, and affords veſtiges of vitri- 
olic acid. Biſmuth, cobalt, antimony, tin, mercury, 
filver, and gold, are not affected by this acid in a 


_ digeſtive or boiling heat. Deſtructive diſtillation de- 


compoſes the acid of milk : water firſt comes over ; 
then a weak acid, reſembling the empyreumatic acid 
of tartar 3 afterwards ſome empyreumatic oil, with 
more of the ſame acid, and alſo fixed air, and 


the heavy inflammable air. A coal remains in the 


Curd, 


retort. 


If any vegetable or mineral acid be added to milk, 
the curd is ſeparated, and coagulates into one maſs, if 


the 


afford 
volati 
rate,; 
with 1 
phoſp 
water 
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CURD. CHEESE, Fir 


the mixture be aſſiſted by the application of heat. Mx. 
The curd obtained by means of mineral acid, always 3 
manifeſts ſigns of acidity, and is partially ſoluble in 
boiling water. If any neutral, earthy, or metallic ſalt 
be added to ſaturation in milk, it likewiſe ſeparates the 
curd. Sugar and gum-arabic produce a ſimilar effect. 
Cauſtic alkalis diſſolve the curd, by the aſſiſtance of 
a boiling heat; and it may again be coagulated by the 
addition of acids. 

The coagulation of milk, in the manufacture of —— 
cheeſe, is effected by the addition of rennet, which is 5 ; 
the infuſion of the ſtomach of a ſucking calf in water, 
prepared in various ways, according to the fancy of the 
makers. This fluid ſeems to gwe its properties to the 
gaſtric juice of the animal. The ſeparated curd is 
wrapped in a cloth with ſalt, and preſſed, to deprive 
it of the ſuperfluous whey ;z after which, it is preſerved 
for ſeveral months or years before it is conſidered as 
fit for uſe. 

Cheeſe, when decompoſed by deſtructive diſtillation, Properties. 
affords an alkaline phlegm, an heavy oil, and much 
volatile alkali. Its reſidual coal is difficult to incine- 
rate, and does not afford fixed alkali, By treating it 
with the nitrous acid, it is found to contain lime and 
phoſphoric acid. Cheeſe is not ſoluble in water. Hot 
water hardens it. . * 

The ſaccharine ſubſtance upon which the ferment- Sugar of milk. 
ing property of milk depends, is held in ſolution by 
the whey which remains after the ſeparation of the 
curd in making cheeſe. This is ſeparated by evapora- 
tion in the large way, for pharmaceutical purpoſes, in 


rarious parts of Switzerland. When the whey has 
been 


$12 SUGAR Of MILK- 


| mitx. been evaporated by heat to the conſiſtence of honey, 
— ome it is poured into proper moulds, and expoſed to dry in 
; the ſun. If this cfude ſugar of milk be diſſolved in 
water, clarified with whites of eggs, and evaporated to 
the conſiſtence of ſyrup, white cryſtals, in the form of 

rhomboidal parallelopipedons, are obtained. 
—Decompoſi- Sugar of milk has a faint faccharine taſte, and i: 


tion by heat? ſoluble in three or four parts of water. It yields by 


diſtillation the very ſame products that other ſugars 
do. It is remarkable, however, that the empyreumatic 
—treatment oil has a ſmell reſembling flowers of benzoin. Twelve 
zal. counees of diluted nitrous acid being poured upon four 
ounces of finely powdered ſugar of milk, in a glaſs 
retort, on a ſand-bath, with a receiver annexed, the 
mixture became gradually hot, and at length effer- 
veſced violently, and continued to do fo for a conſi- 
derable time after the tetort was taken from the fire. 
It is neceſſary, therefore, in making the experiment, to 
uſe a large retort, and not to lute the receiver too tight 
to the retort. After the efferveſcence had in ſome 
meaſure ſubſided, the retort was again placed on the 
ſand-bath, and the nitrous acid diſtilled off, till the 
maſs acquired a yellowiſh colour. This yellow fluid 
exhibited no cryſtals. Eight ounces more of the ſame 
nitrous acid were therefore added and the diſtillation 
again repeated, till the yellow colour of the fluid diſ- 
appeared. The fluid became inſpiſſated by cooling; it 
was therefore rediſſolved in eight ounces of water, and 
filtered. Seven drams and a half of a white powder 
remained on the filter, and the clear ſolution afforded 
cryſtals of ſaccharine acid. The mother water was 


again treated ſeveral times with nitrous acid, by 
which 
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which means the whole was at length changed into II. 
faccharine acid. — as 
The white powder that amines on the filter was Peculiar acid of 
found to be combuſtible like oil, in a red-hot crucible, * 
without leaving any mark of aſhes behind. It was 
ſoluble in ſixty times its weight of boiling water; and 
one fourth part ſeparated by cooling, in the form of 
very ſmall cryſtals. The remaining maſs being then 
collected, by evaporating the, greateſt part of the 
water, left beliind a ſmall portion of the acid of ſugar, 
of which it had not been ſo exactly deprived by edul- 
coration on the filter. From theſe circumſtances it 
appeared that the white maſygez-was a ſalt z and, upon 
examination, it was found to be an acid, poſſeſſing the 
following properties : 
With all the ſoluble earths it forms ſalts inſoluble i in Combinations. 
water. It diſengages fixed air from the mild alkalis, 
With vegetable alkali it forms a cryſtallizable ſalt, 
ſoluble in eight times its quantity of boiling water, 
and ſeparable for the moſt part by cooling. With 
the mineral alkali it forms a ſalt which requires only 
hve parts of boiling water for its ſolution. Both 
theſe ſalts are perfectly neutral. When ſaturated 
with volatile alkali, it forms a ſalt which, after being 
gently dried, has a ſouriſh taſte. It does not percep- 
tibly act on the metals; but forms with their calces, 
in ſolution, ſalts of very difficult ſolubility, which are 
thereſore precipitated “. 
The principles of milk appear to be united toge- 
ther partly in a chemical, and partly in a mechanical 
* On milk and its acid, and on the acid ef the ſugar of milk, 


cynſult the Chemical Eſſays of Scheele. | 
LI | manner , 


814 BUTTER. EGGS, 
MILK. manner; and the butter ſeems to riſe to the top in 4 
— conſequence of the greater ſpecific gravity of the whey ** 
| through which it is diſperſed. Cream conſiſts of 1590 
Seporation of butter mixed with much whey and curd. It is gene- ceed 
am: rally thought that the ſeparation of the butter by the 
churning is effected ſimply by the agitation, which ak 
cauſes the fatty particles to ſtrike againſt each other, i 
and coagulate into larger maſſes, There ſeems how- depr 
ever {ome reaſon to think that a chemical eſſect takes wy 
place in this operation; in which the intimate mixture egg! 
of atmoſpheric air with the fluid may perhaps have + 
ſome effect. by ſu 
-—its proper Butter appears to be of the nature of fat oils ; but a dife 
tics. is conſidered by moſt nations as inſimtely preferable Tt 
to them, as an article of food. By diſtillation on a whict 
water bath it gives out the aqueous fluid which, from may t 
the manner of its fabrication, is diſtributed through it to x 
its maſs. Its products by deſtructive diſtillation 
nearly reſemble thoſe of other oils. They conſiſt of Ho: 
on acid of a ſtrong and penetrating ſmell, a fluid oil, . 
and a concrete oil of the ſame ſmell as the acid. improl 
Theſe oils, like others obtained in ſimilar circum- Hs 
Kances, may, by repeated rectifications, be converted their h 
into volatile oils, of the nature of thoſe which are Yi 
called eflſential. In other reſpects, butter poſſeſſes the "TOP 
fame properties and may be applicd to the ſame uſes vegetal 
as fat oils. It becomes rancid by ſpontaneous decom- It affor 
poſition, which develops its acid; and with fixed al- tillation 
ralis it forms ſoap. acid, a 
3 ſtages o 
Eg25- The eggs of birds conſiderably reſemble milk in We 
their coraponcut parts, though their peculiar ſtructure none? 


and 


HONEY AND WAX. | 515 


and organization conſtitute a great and eſſential dif- m1Lx. 
ference, applicable to the purpoſes of generation, nnn 
into which our preſent views do not require us to pro- 

ceed. The white of egg does not greatly differ from Reſemblance 
the curd of milk or cheeſe. When it is mixed with CONE 
water, it forms a coagulum or curd by the addition f mik. 

of acids. Heat coagulates the white of egg, without 

depriving it of weight; which is a very ſingular fact, 

and has not yet been well explained. The white of 

egg however appears to differ, in ſome reſpects, from 

curd. It is ſaid to afford a ſmall portion of ſulphur 

by ſublimation 3 and it contains the mineral alkali in 

a diſengaged ſtate. 

The yolk of egg appears to be an animal emulſion, Volk of egg. 

which is diffuſible in water. It contains an oil, which 
may be ſeparated by drying, and afterwards ſubjecting 
it to preſſure. 


Honey and wax may be conſidered as animal ſub- Honey and 
ſtances, becauſe afforded by the bee; though it is not 
improbable but theſe laborious inſets may extract 
them from the veſſels of plants, and depoſit them in 
their hives without alteration. 

Honey which is purified by ſolution and cryſtal- Purification of 
lization, perfectly reſembles the ſaccharine juices of . 
vegetables which have undergone the like treatment. 

It affords the ſame product as ſugar by deſtructive diſ- 

tillation. Nitrous acid converts it into the ſaccharine 

acid, and its aqueous ſolution is ſuſceptible of all the 

tages of fermentation. It is accordingly, as we have Page 432. 
before obſerved, made uſe of in the preparation of a 

rinous liquor. 


LI 2 Wax 
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WAX. 


— mn? 
Diſtiilation of 


WAX. 


Butter of wax. 


Bleaching, 


WAX. COMBUSTION or 


Wax is a concrete ſubſtance, which greatly reſem- 
bles the more ſolid. fixed oils, and unites with oily ſub- 
ſtances in all proportions. Its products, by deſtructive 
diſtillation, are the ſame as thoſe of other fat ſubſtances. 
The concreſcible oil obtained by diſtiltation of this 
ſubſtance, is called hutter of wax. Bees-wax is of a 
yellow colour, but becomes white by expoſure to air: 
this effect takes place only at or near the ſurface or 
place of contact: for which reaſon the bleachers of 
wax find it neceſſary to renew the ſurface frequently, 
This is done either by cauſing the melted wax to paſs 
through a number of holes in the bottom of a veſſel 
into another veſſel of water, by which means it under- 
goes that kind of diviſion which, in metallic bodies, 
is called granulation ; or it is gently poured upon a 
wooden eylinder, which is turned round in a veſſel 
filled with water to ſuch a height, that half of the cy- 
linder is immerſed. In this way, the wax forms 4 
number of thin flakes, that do not adhere to eaeh 
other, but may be taken off, and expoſed to the action 
of the air. The dephlogiſticated or aerated marine 
acid bleaches wax very ſpeedily ; from which fact it 
appears that the wax owes its whiteneſs, and the 
greater conſiſtency it acquires, to an abſorption of the 


Difference he. Vital part of the atmoſphere. Wax ſeems to differ 


tween wax and 


tallow, 


from tallow, or concrete oil, principally in this cir- 
cumſtance: and this laſt ſubſtance becomes likewiſe 
harder and whiter by long expoſure to the air, in thin 
maſſes : as, for example, when it is ſpread ont upon 
the ſurface of water. Wax being already combined 
with a portion of vital air, does not burn with ſo lu- 


minous a flame as tallow or oil, But it poſſeſſes a very 
great 


CANDLES OF WAX AND TALLOW, $17 


great advantage in the fabrication of candles, which wax. 
ariſes from the circumſtance of its freezing point be 
ing placed at a conſiderably higher temperature than 
thoſe of either of the other two ſubſtances. 
To explain this advantage, it muſt be conſidered, 2 — 
that oils do not take fire, unleſs they be previouſly vo- advantage of 
latilized by heat. The wick of a candle, or lamp, an- — nc 
ſwers this purpoſe. The oil riſes between the fibres of thoſe cf ratlow, 
the wick by the capillary attraction. Heat is applied 
to the extremity of the wick, which volatilizes and ſets 
fire to a portion of the oil. While this is ditipated by 
combuſtion, another portion paſſes along the fibres, 
and ſupplies its place by becoming heated and burned 
likewiſe, In this way a conſtant combuſtion is main- 
tained. It muſt be remarked, however, that a candle 
differs from a lamp in one very eſſential circumſtance, 
namely, that the oil, or tallow, is liquefied only as it 
comes to be in the vicinity of the eonflagration z and 
this fluid is retained in the hollow of the part which is 
{till concrete, and forms a kind of cup. For this rea- 
ſon, it is found neceſſary that the wick ſhould not be 
too thin; Eecauſe, in this caſe, it would not carry off 
the fluid as faſt as it becomes fuſed; and the conſe- 
quence would be, that it would run down the fides 
of the candle : and, as the inconvenience ariſes from 
the fuſibility e oil, it is plain that a more fuſible 
candle will require a larger wick; or that the wick of 
a wax candle may be made thinner than that of one 
of tallow. 
ifference of effect, in illumination, between a 
thick and a thin wick, cannot be better ſhewn than by 
Bae the appearances produced by both. When 
L13 a candle 


518 USE OF THE WICK IN CANDLES. 
Wax. a candle with a thick wick is firſt lighted, and the 

—— . . . 

The uſe ang wick ſnuffed ſhort, the flame is perfect and luminous, 


effects of the 
wick in cans 


dles, 


ca: 


unleſs its diameter be very great; in which laſt caſe, 
there is an opake part in the middle, where the com- 
buſtion is impeded for want of air. As the wick be- 
comes longer, the ſpace between its upper extremity 
and the apex of the flame is diminiſhed ; and conſe- 
quently the oil which iſſues from that extremity, 
having a leſs ſpace of ignition to paſs through, is leſs 
completely burned, and paſſes off partly in ſmoke. 
This evil continues to increaſe, until at length the up- 
per extremity of the wick projects beyond the flame, 
and forms a ſupport for an accumulation of ſoot, which 
is afforded by the imperfect combuſtion. A candle, in 
this ſituation, affords ſcarcely one tenth of the light 
which the due combuſtion of its materials would pro- 
duce ; and tallow-candles, on this account, require 
continual ſnuffing.— But, on the contrary, if we 
conſider the wax candle, we find that, as its wick 
lengthens, the light indeed becomes leſs. The wick 
however, being thin and flexible, does not long occupy 
its place in the centre of the flame; neither does it, 


_ when there, enlarge the diameter of the flame ſo as to 


prevent the acceſs of air to its internal part. When 
its length is too great for the vertical poſition, it bends 
on one fide; and its extremity, coming in contact with 
the air, is burncd to aſhes; excepting ſuch a portion 
as is defended by the continual afflux of melted wax, 
which is volatilized, and completely burned, by the 
ſurrounding flame. We ſce therefore that the difficult 
fuſibility of wax renders it practicable to burn a large 


quantity of fluid by means of a ſmall wick; and that 
9 this 


of 
up 
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this ſmall wick, by turning on one fide in conſequence „ wax. 
of its flexibility, performs the operation of ſnufting <<» 
upon itſelf, in a much more accurate manner than it 
can ever be performed mechanically. 

Wax is not ſoluble in ardent ſpirit. 


Lac, or lacca, is a ſubſtance well known in Europe, stick lac, ſhett- 
under the different appellations of ſtick-lac, ſhell-lac, lac ted 
and ſeed-lac. The firſt is the lac itſelf, which is a 
brown ſemi-tranſparent ſubſtance, in pretty conſider- 
able lumps, with woody parts adhering to it. Seed - 
lac is the ſtick-lac broken in pieces, and appearing 
in a granulated form. Shell-lac is the ſubſtance 
which has undergone a ſimple purification. 

Lac is the product of an inſect“, which depoſits its its produe- 
eggs on the branches of a tree called Bihar, in Aſſam, W 
a country bordering on Thibet, and elſewhere in India. 

It appears deſigned to anſwer the purpoſe of defending 
the eggs from injury, and affording food for the maggot 
in a more advanced ſtate. It is formed into cells, 
finiſhed with as much art and regularity as an honey- 
comb, but differently arranged; and the inhabitants 
collect it twice a year, in the months of February and 
Auguſt. For the purification, it is broken into ſmall 
pieces, and put into a canvas bag of about four feet 
long, and not above fix inches in circumference. Two 
of theſe bags are in conſtant uſe, and each of them 
held by two men. The bag is placed over a fire, and 
frequently turned, till the lac is liquid enough to paſs 


For a deſcription, conſult Kerr, in the Phil, Tranſ. vol. Ixxi. 


5.374. 
L14 through 
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Lacca. through its pores ; when it is taken off the fire, and wat 
— twiſted in different directions by the men who hold it, gun 
lac. at the ſame time dragging it along the convex part of The 

a plantain tree prepared for that purpoſe; and, while the 

this is doing, the other bag is heating, to be treated in ſuff 

the ſame way. The mucilaginous and ſmooth ſurface ture 

of the plantain tree prevents its adhering ; and the de- grace 

gree of preſſure regulates the thickneſs of the coating forr 

of lac, at the ſame time that the fineneſs of the bag to a 
determines its clearneſs and tranſparency *. fecu 
characters. Lac is not entitled to arrangement either with oils, of a 
reſins, or gums. It is not ſoluble either in water, and 
or in fat oils. Some eſſential oils appear to extract a to b 

dilute tincture. The action of the acids upon lac, of t. 

either when concentrated or diluted, does not ſeem to thu: 

he conſiderable ; but this requires more particular exa- leſs 


mination, eſpecially as far as relates to the nitrous 
acid. Ardent ſpirit acts but feebly on this ſubſtance. 

+ By ſtanding upon it in the cold, it forms a clear tinc- 
ture, apparently by diſſolving only a part of its prin- 
ciples; but, when digeſted in a moderate heat, the 
whole of the lac unites with the ſpirit, and forms a 
turbid mixture, or imperfect ſolution, of a gummy 
Hard varniſh. appearance, which does not afterwards become clear. 
In this way, however, with judicious management, it 
appears practicable to form a very hard opake varniſh, 
reſembling that of China or Japan. The principal 
uſe of lac js in the manufacturing of ſealing-wax, and 


ia dyeing ſcarlet. For this laſt purpoſe, half a dram of trea 
powdered comfrey root is 'to be boiled in a quart of acid 
and 
* Saunders, in Phil. Tranf, vol. lzxix. pf t 

: water 
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SILK. ACID OF SILK-WORMS. 


water for a quarter of an hour, and ſome powdered 
gum lac digeſted in the decoction for two hours. 
The tincture appears of a fine crimſon colour; and 
the remaining lac, if the quantity of liquor has been 
ſufficient, is of a pale ſtraw colour. The clear tinc- 
ture being then poured off, and a ſ:lution of alum 
gradually added, the colouring matter ſubſides, in the 
form of one of the powders called lakes, which amounts 
to about one fifth part of the weight of the lac. This 
fecula is diſſolved in warm water, with the addition 
of a proper quantity of the ſolution of tin in aqua regia: 
and the liquor, which is of a fiery red colour, is then 
to be poured into boiling water, impregnated with ſalt 
of tartar, or the mild fixed vegetable alkali. The bath, 
thus formed, is a good ſcarlet dye for woollens, though 
leſs lively than that of cochineal. 


Silk , a well-known ſubſtance, which ſerves as a 
\\ nidug-for the chryſalis of the ſilk- worm. Its extenſive 
utility, when contraſted with the ſmall proſpe& of 
advantage which its appearance in the crude ſtate 
ſeems to afford, may ſerve to ſtimulate our induſtry in 
the examination of other natural products; many of 
which, though neglected at preſent, might, on en- 
quiry, be found equally beneficial to ſociety. - This 
ſubſtance ſeems to hold a middle rank between animal 
and vegetable matters. It affords yolatile alkali by 
diſtillation, and gives out phlogiſticated air when 
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LACCA. 
SILK, 


Uſes of lac. 


Lewis on Neu- 


Silk, and the 
acid of ſilk - 
worms. 


treated with nitrous acid. By diſtilling the nitrous 


acid from this ſubſtance, the acid of ſugar is obtained, 
and likewiſe a peculiar oil. The phalzna, or moth 
pf the filk-worm, ejects a liquor which appears to 
OE contain 
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| all x. wooL. contain a peculiar acid, hitherto little examined, I. 
——— is obtained in a ſtate of purity by infuſing the chryſa- 


Animal excreſ- 


cences. 


lides in ardent ſpirits, and ſubſequent evaporation. 


The hair and wool of animals do not ſeem to differ 
greatly from ſilk. They afford much acid of ſugar, 
when treated with nitrous acid. It is probable that 
horns, feathers, and other ſimilar excreſcences of ani- 
mals, are nearly of the ſame nature. 
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STONE OF THE BLADDER, 


CHAP. III, ; 


CONCERNING THE EXCREMENTITIOUS PARTS OF 
ANIMALS. 


* E ſubſtances which are rejected out of the 


bodies of animals, as uſeleſs, are urine, and the 
fecal matter, or excrement, Theſe differ in the vari- 
ous ſpecies of animals, according to their reſpective 
natures and food. But little attention has been paid 
by chemiſts to the urine or excrements of any animals 
except the human ſpecies, We have already had oc- 
caſion to mention the contents of urine, in treating 
of the phoſphoric acid; in our account of the mineral 
kingdom; and ſhall therefore, in the preſent place, 
conſine our remarks to that peculiar depoſition which 
is known by the name of the urinary calculus, or 
ſtone of the bladder. 


EXCREMEN« 
TITIOUS 
MATTERS. 

— ummm? 


Urine and fecal 
matter. 


The matter which forms theſe hard concretions is Stone of the 


found in all urine; and is depoſited by cooling, after 


bladder. 


the greateſt part is evaporated. Heat again diſſolves 


it, In about three hundred times its weight of boiling 
water it is either totally ſoluble, or it leaves a very 
inconſiderable reſidue, which ſeems to be an impurity. 
As the fluid becomes cold, moſt of the calculus is 
again ſeparated in fine cryſtals. The vitriolic acid diſ- 
ſolves it with efferveſcence ; the marine acid does not 
appear to act upon it; and the nitrous acid totally diſ- 
ſolres it. This ſolution affords no precipitate by the 
acid of ſugar, though the vitriolic acid throws down a 


ſmall portion of ſelenite: whence it appears that the 
calculus 
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FXCREMEN- calculus contains ſome lime. Pure alkalis diſſolve it, wh 
TITIOVS as does likewiſe. lime-water. By deſtructive diſtilla- | 
MATTERS. | : aqt 
L—_—— tion, the calculus affords fluid volatile alkali, and a ſub. wh 

limate of a brown colour, which by a ſecond ſublima- bs 
Acid of the tion becomes white. This has a ſouriſh taſte, is eaſily gui 
—.— the ſoluble in boiling water, and alſo in ardent ſpirit. Fwy 
From the above, and other experiments, it appears the 
that the calculus conſiſts of an acid of a volatile na- ſub 
ture, together with ſome gelatinous or oily matter, and 1 
* a ſmall portion of lime. The acid itſelf may probably glu 
be a compound ſalt with exceſs of acid, ſimilar to the Calt 
Page 215, combinations of mineral alkali and phoſphoric acid, and 
vegetable alkali and tartareous acid, and ſome others ET” 
which were conſidered as ſimple acids, until chemiſts Fel 
had deviſed means of feparating their component parts, heb 
We ſee therefore that the analyſis of the ſtone of the ton 
bladder has not yet been perfectly made. ſou; 
; bee: 
Fomberg's ex- However important the knowledge of the compo- 1 
Faman excre. nent parts of fecal matter may be, to facilitate our Jeſs 
mont. acquaintance with the animal ſyſtem, it may eaſily be alin 
imagined that the purſuits of the majority of chemiſts, cam 
would be directed to departments of the ſcience ref 
E - which promiſed effects of a leſs difguſting nature. the 
We poſſeſs but one ſet of experiments made on this fron 
ſubſtance, by Homberg, at the beginning of the pre- It 
ſent century. This philoſopher, in conſequence of 9 

alchemiſtical information, inſtituted a ſet of operations 

upon the fecal matter of men fed entirely upon bread * 
of Goneſſe“, and Champagne wine. He found that, Swed 

m 
* A ſmall town near Paris, where the moſt excellent bread 1s ms 


made, 


when 
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when recent, it afforded, by diſtillation to dryneſs, an EXCREMEN= 
aqueous, clear, inſipid liquor of a diſagreeable odour, RS 

which contained no volatile alkali ; but, by continuing ; 
to diſtil the reſidue by a graduated fire, he obtained — _ 


fluid and concrete volatile alkali, a fetid oil, and a the humau fe- 
coaly reſidue ; ſubſtances which this imperfect me- 3 
thod of analyſis exhibits with every kind of animal 
ſubſtance. | 
The human fecal matter, by lixiviation in water, 
filtration, and ſubſequent evaporation, afforded an oily 
ſalt reſembling nitre, which was fuſed on ignited coals, 
and took fire when heated to a certain degree in cloſed 
veſſels. The ſame fecal matter, after it had undergone 
a complete putrefaction for forty days, in the gentle 
heat of a water-bath, afterwards afforded by diſtilla- 
tion a colourleſs oil without ſmell, which was the thing 
ſought after; but it did not fix mercury, as he had 
been led to expect. : 
Imperfect as this examination is, it is rendered till 
leſs generally applicable by the peculiar nature of the 
aliments from which the- matter originated, For it 
cannot be doubted but that, as the excrements are the 
reſidue of the food taken, they will differ according to 
the nature of that food ; as is indeed ſufficiently evinced 
from their more obvious qualities. 
It is at preſent a general opinion“, that ambergris Ambergris, 
is an excrementitious ſubſtance, voided by the phy- 


* Chiefly grounded on the enquiries and obfervations of Dr. 
Swediar, in the Phil. Tranſ. for 1783, Mr. Magellan however 
mentions an undoubtedly vegetable ambergris, gathered from the 
tree by M. Aublet, and examined by Rouelle, Cronſtedt's Mi- 


neralogy, p. 458. q 
eter 
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EXCREMEN- ſeter macrocephalus, or ſpermaceti whale. Ambergriz 


TITIOUS « . . . 
eee found in the * n the coaty of various tropical 
L—— countries; and is either white, black, aſh-coloured, 


Characters of yellow, or grey, with black or yellow ſpecks. A flight 
ambergris. : R . . 
warmth ſoftens it, like pitch; by a greater heat it 
takes fire; and its chemical products reſemble thoſe 
of bitumens, among which it has uſually been ranked. 
Oils diſſolve it; as does likewiſe ardent ſpirit, if its 
quantity be twelve times that of the ambergris, and 
its temperature boiling. An addition of eſſential oil 


promotes the ſolution. 


Natter of per- Various other matters are rejected from animals; 
ration, XC. ſuch as the matter of perſpiration, the naſal mucus, 
tears, & c. But as none of theſe have been egamined, 
we ſhall avoid entering into any detail of their obvious 


properties. 


CHAP. 


co. 


THE BLOOD» 


CHAP. Iv. 


COXCERNING THE BLOOD, AND THE OTHER FLUID 
OR SOLID MATTERS, OF WHICH ANIMALS 
ARE FORMED. 


HE fluid which firſt preſents itſelf to obſervation „ARTS ov 
when the parts of living animals are divided or ANIMALS. 


deſtroyed, is the blood, which circulates with conſi- 
derable velogity through veſſels called veins and arte- 


ries, diſtributed into every part of the ſyſtem. It can The blood: 


ſcarcely admit of doubt but that the component parts, 
or immediate principles of the blood, muſt differ in the 
various and exceedingly diſhmilar genera and ſpecies 
of animals which occupy the land and waters of the 
globe; and that there are likewiſe differences in the 
ſtate or compoſition of this fluid in the ſame animal, 
according to its ſtate of health, as well as the ſituation 


of the veſſels from which it may be extracted. Theſe differences. 


differences can be aſcertained only by the united efforts 
of the anatomiſt and the chemiſt. But as the diſſiculty 
and extent of the ſubject have hitherto prevented any 
conſiderable progreſs, it becomes an object of neceſſity 
to conſine our attention to the blood of man, or of 
ſuch quadrupeds as aſſord this fluid in a ſtate not ob- 

viouſly different from that of the human ſpecies. 
Recent blood is uniformly fluid, and of a faline or 
vightly ſerruginous taſte, Under the microſcope it 
appears 
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HE F oo. 


appears to be compoſed of a prodigious number of red 
globules ſwimming in a tranſparent fluid. After ſtand- 


CharaQers of ing for a ſhort time, its parts ſeparate into a thick red 


the blood. 


1 


matter, or craſſamentum, and a fluid called ſerum. If 
it be agitated till cold, it continues fluid ; but a con- 
ſiſtent polypous matter adheres to the ſtirrer, which 
by repeated ablutions with water becomes white, and 
has a fibrous appearance: the craſſamentum becomes 
white and fibrous by the ſame treatment. If blood be 
received from the vein in warm water, a ſimilar fila- 
mentous matter ſubſides, while the other parts are 
diflolved. Alkalis prevent the blood from coagulat- 


Habitudes with ing; acids; on the contrary, accelerate that effect. 


acids, &c. 


Diſtillation. 


In the latter cafe the fluid is found to contain neutral 
falts, conſiſting of the acid itſelf united with mineral 
alkali, which conſequently muſt exiſt in the blood, 
probably in a diſengaged ſtate. Ardent ſpirit coagu- 
htes blood. On the water-bath, blood affords an 
aqueous fluid, neither acid nor alkaline ; but of a faint 
ſmell, and eaſily becoming putrid. A ſtronger heat 
gradually dries it, and at the ſame time reduces it to a 
maſs of about one eighth of its original weight. In 
this ſtate it lightly attracts rhe humidity of the air, 
and efferveſces with acids 5 but by a longer expoſure, 
for ſome months, it becomes covered with an effloreſ- 
cence of mild mineral alkali. By deſtructive diſtillation 
this animal fluid affords a watery liquor, holding in 
ſolution a neutral ſalt, with exceſs of volatile alkali, 
but whoſe acid part has not been well aſcertained: 
next follows a light oil, a denfe coloured oil, and fou! 
or oleaginous volatile alkali, The reſidue is a coal of 


very difficult incineration, containing common ſalt, 
0 mineral 
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mineral alkali, and an earth, which is probably 2 com- PARTS OF - 
bination of lime and phoſphoric acid. 8 

The ſerum of blood exhibits marks of a diſengaged serum of blood: 
alkaline ſalt, and is greatly diſpoſed to putrefy. It unites 
with water in all proportions, and forms a milky fluid, 
which may be coagulated by acids or ardent ſpirit. An 
increaſe of temperature cauſes ſerum to become con- 
ſiſtent, with little or no loſs of weight, in the ſame 
manner as the white of egg; and it is accordingly uſed 
for the ſame purpoſe in clarifying liquids. From a —reſembles 
variety of experiments, it appears highly probable that — — 
white of egg, ſerum of blood, and the pure curd of be Fluten: 
milk, do not eſſentially differ from each other: and to 
theſe we may perhaps add the vegetable gluten, which 


conſiderably reſembles cheeſe. 

Alkalis render the ſerum of blood more fluid; acids —with alkalis 
coagulate i it, and exhibit the neutral ſalt they would have nag 
produced by direct combination with mineral alkali- 
The coagulum affords, by diſtillation, phlegm, mild 
volatile alkali, anda thick fetid oil; and the reſidue 
affords mild mineral alkali. 'Theſe products are the 
ſame as are afforded by the ſerum itſelf. 

Serum is alſo coagulated by ardent ſpirit, merely by —with ardeat 
the loſs of part of its water. When rendered concrete F.: 
by heat, and expoſed to the action of nitrous acid, it —airrous acid. 
affords phlogiſticated air by a ſlight heat, which is fol- 
lowed by nitrous air; and the reſidue affords acid of 
ſugar, together with a ſmall portion of acid of apples. 

The crafſamentum of blood, when treated in the way Cratffamentum, 
of diſtillation, becomes dry and brittle, at the ſame 
time that it emits an alkaline phlegm ; this is followed 


by an empyreumatic ſtinking oil, and concrete volatile 
Mm alkali. 
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. PARTS OF alkali, A ſpungy brilliant coal remains, which by 


ANIMALS. 


Fibrous part of 
the red part of the blood, reſembles the ſerum in many 


blood: 


-=Wit'y acids. 


Deſtructive 


d:1t;Yation. 


Soft parts of 
animals. 


Telly or gine. 


treatment with vitriolic acid is found to contain mi- 
neral alkali and iron, as appears by the produCtion of 
Glauber's falt and martial vitriol: coaly matter and 
phoſphorated lime are then left behind. 

The fibrous matter, which is obtained by waſhing 


of its properties; though it differs ſrom it in not being 
ſoluble in water, in becoming hard by a very gentle 
heat, and in not combining with alkalis. Acids unite 
with it, and in particular the nitrous acid diſſolves it, 
and extricates phlogiſticated and nitrous air; while 
the reüdue, by evaporation, affords acid of ſugar in 
cryſtals, a peculiar oil in flocks, and the phoſphoric ſalt 
of lime. Its volatile products by deſtructive diſtilla- 
tion are nearly the ſame as thoſe of ſerum : but its re- 
due contains no falt, except the combination of lime 
and phoſphoric acid; the other ſalts it might have 
contained having probably been carried off during the 
waſhing. Marine acid forms a green jelly with the 
fibrous parts of the blood. 


T he ſoſt and flexible parts of animals appear to be 
compoſed of principles greatly reſembling thoſe of the 
blood. When they are boiled in water, the fluid ex- 
tracts that peculiar animal ſubſtance which is known 
by the name of jelly or glue. I his is afforded by the 
white parts moſt plentifully, though it is found in 
almoſt every part of the animal ſolids. Its appear- 
ance and inſipidity, together with its other obvious 
properties, are well known. It is ſoluble in water, in 


all proportions ; is more fluid when hot than when 
7 cold. 


FLESH OF ANIMALS. 


cold. Alkalis and acids both diſſolve it. By ſponta- yarTs or 


neous decompoſition it firſt becomes acid, and ſoon 


afterwards putreſies. By deſtructive diſtillation it Jelly or glue. 


affords an alkaline phlegm, an empyreumatic oil, and 
a ſmall quantity of volatile alkali. The reſidual coal 
is voluminous, not eaſily incinerated, and contains 
common falt, with the phoſphoric ſalt of lime. The 
habitude of the nitrous acid with glue, or jelly, is the 
ſame as with other animal ſubſtances ; phlogiſticated 
air and nitrous air are diſengaged, and the reſidue 
affords acid of ſugar. 


Beſides the parenchymatous and cellular ſubſtance Analyſis of the 
of which the muſcles of animals are formed, their _ 


veſſels contain fluids poſſeſſed of various properties. 
Theſe may be obtained by preſſure, and the judicious 
application of water and ardent ſpirit, either with or 
without heat. If fleſh be waſhed in cold water, a 
portion of blood and gelatinous matter, together with 
ſaline matter, are extracted: the reſidue being digeſted 
in ardent ſpirit, is by that means deprived of an 
extractive or ſapohaceous ſubſtance; and ſubſequent 
ebullition in water diſſolves the gelatinous part, at the 
ſame time that it deprives it of ſuch portions of extract 
and ſalt as had been defended from the action of the 
two former ſolvents. The fat is alſo liquefied by this 
operation, and ariſes to the ſurface. By flow evapo- 
ration of the aqueous ſolution, made in the cold, the 
albuminous part, or ſerum, coagulates, and may be 
ſeparated on the filter : the filtered liquor will afford 
its ſalt by evaporation: the ſpirituous ſolution depoſits 
the extractive matter by evaporation : and the decoc- 
tion affords the jelly, with the fat oil, which ſwims 
M m 2 at 
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FLESH AND FAT OF ANIMALS. 


at the ſurface and congeals by cooling. The remain- 
ing ſolid ſubſtance conſiſts merely of the fibrous mat- 


Analyſis of the ter, which is white, inſipid, and inſoluble in water. 


This affords much volatile alkali, and a very fetid oil, 

by diſtillation; and it gives out a large quantity of 
phlogiſticated air when treated with nitrous acid. In 
a word, it has all the characters of the fibrous part of 
the blood, and is probably formed by the depoſition 
of that ſubſtance“. 

The extraCtive or ſaponaceous matter obtained by 
the evaporation of the ſpirit, is ſoluble likewiſe in 
water; it ſwells up and liquefies by heat, and emits 
a ſmell ſontewhat reſembling that of burned ſugar : 
it is this ſubſtance which predominates in the brown 
cruſt that covers the ſurface of roaſted meat. The 
ſalt afforded by the decoCtion of ſieſn has not been 
perfectly examined; but it ſeems to conſiſt of the 
phoſphoric acid, united * with the vegetable alkali, 
and partly with lime. 


The fat of animals is a ſubſtance of the ſame nature 
as thoſe oils which are called fat oils in the vegetable 
kingdom. Its conſiſtence is various in different ani- 
mals, and in different parts of the ſame animal. The 
fat of the human ſpecies and of quadrupeds is conſiſt- 
ent, and of a white or yellowiſh colour; the fat of 
the internal parts being uſually firmer than that which 
is placed among the muſcles. It poſſeſſes all the cha- 
racters of vegetable fat oils; though the crude fat of 
animals appears to contain a conſiderable quantity of 


* Fourcroy, iv. 427. : 
muci- 


- 
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mucilage or jelly peculiar to that kingdom, which may yaxTs oy 
for the moſt part be waſhed off by agitation in a large “., 
quantiry of hot water. | 
The acid of fat is conſidered as belonging to the Acid of fat. 
animal kingdom, though indeed it is no leſs abundant 
in the fat oils of vegetables. It may be obtained by 
diſtillation. Or otherwiſe a quantity of ſuet may be 
melted, and mixed with quick-lime : as ſoon as the 
mixture is cold, it muſt be boiled in a large quantity 
of water. After filtration and evaporation, the calca- 
reous ſalt formed by the combination of that earth 
with the acid of the fat, is obtained of a brown co- 
lour. A flight calcination in a crucible renders it 
purer, by the deſtruction of a portion of inflam- 
mable matter; and by ſolution, filtration, and the 
addition of a certain quantity of fixed air to preci- 
pitate the ſuperfluous lime, a clear ſolution of the 
acid of fat, neutralized with calcareous earth, is 
obtained. Evaporation of this fluid affords the- pure 
white ſalt; and this, when diſtilled with the addi- 
tion of vitrioljc acid, affords the acid of fat, which 
comes over into the receiver, while the lime and 
vitriolic acid remain in the retort, in the form of 
ſelenite. 
The general characters of the acid of fat are the CharaQers of 
following :—lt is liquid, ſuming, and of a penetrating N 
ſmell; decompoſable by fire, which turns it yellow, 
and extricates or produces fixed air. Blue colours 
are ſtrongly reddened by it. Water diſſolves it in all 
proportions. With lime, and alſo with the fixed 
alkalis, it ſorms eryſtallizable ſalts, which are not 
decompoſed by heat. Siliceous earth appears to be 
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ern end 


SPERMACETI. 


ſeveral of the metals. 


Method of ob- Spermaceti is a peculiar ſubſtance, of the nature of 


taining ſperma- 


ceti. 


Its character: 


—and habitude * 


fat oil, which is found in the head of a ſpecies of 
whale. One of theſe fiſhes affords ſome tons of brains, 
which are firſt groſsly freed from the oil, by draining 
and preſling ; and afterwards more perfectly purified, 
by ſteeping them in a ley of alkaline ſalt and quick- 
lime, which converts the remains of the oily matter 
into ſoap. The brains being then waſhed with water, 
appear of a ſilver whiteneſs ; and nothing more is then 
required to complete the preparation, than to cut 
them in pieces with wooden knives, and ſpread them 
abroad to dry. Good ſpermaceti is in ſine white 
flakes, gloſly, and ſemi-tranſparent z rather unctuous 
to the touch, though dry, and in ſome meaſure friable. 
Its ſmell is faintiſh, though not diſagreeable; and it 
has ſcarcely any taſte, on account of its being either 
nearly or totally inioluble in the ſaliva: expoſure to 
the air renders it yellowiſh and rancid in proceſs of 
time; and that the more readily in proportion as 
the original purification has been leſs complete. It 
may however be rendered white and ſweet again, by 
ſteeping it afreth i in cauſtic alkali, and waſhing it in 
water. 

It is ſcarcely, if at all, more RT than 
tallow; and is a much better material for candles, 
becauſe leſs fuſible and greaſy. By diſtillation it 
totally riits, leaving no coal behind; but its com- 


ponent parts do not riſe together, Four ounces of 


this ſubſiance aſlorded three ounccs and a half of a 


clear, 


SPERMACETI. 


clear, yellowiſh, butyraceous oil, reſembling oil of raf or 
wax in ſmell, and coagulate in the cold, like that KXIM Als. 
ſubſtancez a drachm and a half of the product con- 

fiſted of phlegm, and the reſt was waſted or diſſipated 

in the proceſs *. 

Water has no other effect upon ſpermaceti, when Habitudes of 
boiled with it, than to ſeparate a ſmall quantity of xg an 
mucilaginous, or perhaps ſaponaceous matter, which fubſtauces. 
is probably an impurity. Oils diſſolve it, by the aſſiſt- 
ance of heat; hot ardent ſpirit likewiſe diſſolves it, 
but lets the greateſt part fall upon cooling; ether diſ- 
ſolves it very readily ; ſulphur combines with this ſub- 5 
ſtance in the ſame manner as it does with fat oils; 
the nitrous and marine acids have no action on it; 
concentrated vitriolic acid diſſolves it, but lets it fall 
again by heat, | 
It has been conjectured that this ſingular ſubſtance Conjecture re · 
bears the ſame relation to fat oils as camphor does to — — 
the eſſential oils. Wax appears to have the ſame rela- Tv 56. 
tion to fixed oils, as reſin has to the eſſential; that is 
to ſay, both have been rendered concrete by the ab- 
ſorption of vital air. But ſpermaceti and camphor 
ſcem to differ in ſome other leading particular; pro- 
bably in the abſence of acid, or of any baſis which 
can eaſily be acidified by the action of nitrous or 
other acids. Much information would no doubt be 
derived from a careful examination of the products 
which theſe ſeveral ſubſtances afford by combuſtion. 


* Neumann's Chemiſtry, by Lewis, Ii. 422. Fourcroy, iv. 447, 
ſavs that ſpermaceti forms a ſoap with cauſtic alkali ; which is con- 
trary to the poſitive aſſertion of Neumann, from whom the forego- 
jag part of the text is taken. | 
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PARTS OF The bones of men and quadrupeds owe their great 
firmneſs and ſolidity to a conſiderable portion of the 
Bones. Phoſphoric ſalt of lime which they contain. When 
theſe are raſped ſmall, and boiled in water, they afford 
gelatinous matter, and a portion of fat or oil, which 

occupied their interſtices. By deſtructive diſtillation 

they afford alkaline phlegm, a fetid oil, and much vo- 

latile alkali ; leaving a coal not eaſily burned. In an 

open fire, bones are inflamed by virtue of their oil, 

and emit an offenſive empyreumatic ſmell. The white, 

White reſidue, friable, and incombuſtible reſidue conſiſts chiefly of 


ANIMALS, 
— rms 


lime and phoſphoric acid in combination. 


It affords a 


| ſmall quantity of mild mineral alkali by waſhing with 
water. This white matter is decompoſable by fuſion, 
with mild fixed alkalis, which unite with the phoſ- 
phoric acid, at the ſame time that the fixed air con- 
verts the lime into chalk. Acids likewiſe diſengage 
the phoſphoric acid, by uniting with the lime. The 
nitrous or the vitriolic acids are moſt commonly uſed 


in this proceſs. 


CHAE. 


cos 


THE BILE, 


CHAP. V. 


CONCERNING THE BILF, THE GASTRIC JUICE, ANN 
THE ACID OBTAINED PROM ANTS. 


\HE fluids which remain to be confidered, as 

compoſing part of animals, are the bile, the 

gaſtrie juice, and ſuch acids as are obtained by treat- 
ment of animal matters. 
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The bile or gall is a fluid of a yellowiſh green CharaRers of 


colour, exceſſively bitter, and of ' a faint nauſeous 
ſmell. I: is ſeparated from the blood in a glandular 
viſcus, well known by the denomination of the liver, 
and in moſt animals is collected in a veſſel called the 
gall bladder, The gall of oxen is that which chemiſts 
have more particularly examined. Its conſiſtence is 
almoſt gelatinous ; by agitation ir forms a froth fimi- 
lar to that of a ſolution of ſoap. - Water diſſolves 
it in all proportions; and this ſolution produces the 
ſame effect as a ſolution of ſoap in ſcouring cloths. 
All the acids decompoſe i it, and produce a coagulum, 
which ſeparates from the watery ſolution, at the ſame 


time that the acid becomes neutralized hy a portion 


of mineral alkali which unites, with it. The coagu- 
lum, which may be ſeparated by the filter, is thick, 
viſcid, very bitter, and very inflammable- It appears 
ſo far of a reſinous nature, as to be totally ſoluble in 
ardent ſpirit : hence it follows that the bile conſiſts 
principally of a ſoap compoſed of this matter and the 
mineral alkali. It alſo contains a quantity of ſerum, 
| which 


the bile or gall. 
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ANINAL which cauſes it to coagulate by heat, or by the action 
FLUIDS. of ardent ſpirit, and diſpoſes it to putrefy. Ardent 
© ſpirit takes up the ſaponaceous matter, and leaves the 
ſerum behind. 

DeftruRtive Deſtructive diſtillation ſeparates firſt an aqueous 
— * fluid, neither acid nor alkaline, but diſpoſed to pu- 
trefy. Nothing elſe paſſes over upon the water-bath, 
The reſidue is of a datk colour, very tenacious, like 
pitch, and totally ſoluble in water. If the diſtil- 
lation be continued with caution, on account of the 
ſwelling of the matter, the products are a yellowiſh 
alkaline phlegm, empyreumatic oil, much volatile 
alkali, and the elaſtic products conſiſt of fixed and in- 
flammable air. A conſiderable coal remains, which 
contains mineral alkali, an earth, which is probably a 
combination of phoſphoric acid and lime, and a ſmall 

portion of iron. | 
Biliary concre- The nature of the biliary concretions which are 
_ formed in the gall bladder, has not yet been com- 
pletely aſcertained. Theſe are found ſometimes of an 
irregular texture, and a brown, black, yellowiſh, or 
greeniſh colour; others conſiſt of tranſparent cryſtal- 
line laminæ, ſometimes radiated from the centre to 
the circumference, * Two ounces of biliary calculus, 
of a grey colour without, and browniſh green within, 
were diſſolved in twelve times their weight of pure 
ardent ſpirit, by the aſſiſtance of a moderate heat. 
The hot ſolution being filtered, ſoon depoſited, by 
cooling, a large quantity of laminated white brilliant 
cryſtals, reſembling the concrete acid of borax. The 


* Fourcroy, in the Annales de Chimie, il. 245- 
- quantit7 


GASTRIC FLUID. 


quantity amounted to near one ſixteenth of the whole 


calculus; and, upon examination, it poſſeſſed the fol- 
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lowing properties :—It was inflammable, and melted Examinatioa 


by a gentle heat in a ſpoon, with a ſmell like wax, 
and cooled into a brittle ſubſtance of a cryſtallized 
fracture: a ſudden heat volatilized the whole, Water 
had no action upon it when cold; but boiling water 
cauſed it to melt, and float on the ſurface like an oil, 
which became concrete by. cooling. Cauflic alkalis 
converted it into ſoap. Ni diſſolved it quietly, 
and the addition of water ſeparated it unaltered. 
Ardent ſpirit diſſolved it by heat; but the greateſt part 
was ſeparated by cooling. "Theſe characters indicate 
that it is a ſubſtance of the ſame nature as ſpermaceti. 
The author * of this valuable diſcovery has alſo 
found that the cryſtallized gall ſtones contain this 
matter ſtill more abundantly ; and that it exiſted in 
conſiderable quantity in an human liver which had 
been expoſed to the air for ſeveral years, and had loſt 
its volatile parts by putrefaction. The aſſiduous re- 
| ſearches of the ſame philoſopher into the animal 
economy, have detected the ſame ſubſtance, in a ſa- 
ponaccous form, in bodies which had been many years 
buried under ground, 


of the biliary 


A conſiderable number of chemiſts have examined The gaftric 


the properties of the fluid which appears to be the 
menſtruum of digeſtion in the ſtomachs of animals. 
It is certain that in this proceſs the aliments become 
converted into a, ſoft or pulpy maſs, moſt probably by 
the action of a ſolvent, aſſiſted by their own tendency 


* Fourcroy, in the Annales before cited, iii 120. 
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The gaſtric 
fivid, 


Acid of ants. 


ACID OF ANTS. 


to ſpontaneous decompoſition at the temperature of 
the body of the animal. The gaſtric juice procured 
from the ſtomachs of animals which have been kept 
faſting for a conſiderable time, appears to differ ac- 
cording to their reſpective natures. It is thought to 
poſſeſs a ſolvent power upon animal and vegetable 
ſubſtances, without any preference of affinity ; but this 
laſt circumſtance is ſcarcely probable. A powerful 
antiſeptic quality is reckoned among its attributes; 


but there are ſome reaſons to think that in graminivo- 


rous animals it has the contrary effect. In theſe laſt, 


more eſpecially, it contains a diſengaged acid, which 


ſeems to be the phoſphoric. And upon the whole, it 
appears that accurate and deciſive experiments are ſtill 
wanting, to determine the nature of this compounded 
and variable fluid, which is of ſuch important uſe in 
the animal conomy. 

Of the acids which are cenſidered as belonging 
more eſpecially to the animal kingdom, we have al- 
ready attended to thoſe afforded by milk, by fat, by 
the ſtone of the bladder, by ſilkworms, and by the 
calcination of blood with an alkali, in the prepara- 
tion of Pruſſian blue; it therefore remains only for 
us to give an account of the acid which is afforded 
by ants. Theſe animals appear to contain a pecuiiar 
acid, in a veſſel placed near the hinder part of their 
bodies *, which they eject when enraged ; or moiiten 
their fangs with it, to render their bite more painful, 
The acid may be obtained by diſtillation of the ants 


* Wieglch's Chemiſtry, by Hopſon, p. 191. On this acid, conſult 
the authors there referred to; and alſo Fontana, in the Journal de 
Phyſique for 1778, part ii. | 

| | with 


ACID OF ANTS. 


with water, and ſubſequent preſſure of the reſidue ; 
or the ants may be tied up in a bag, and twice in- 


fuſed in hot water; from which infuſion as much Acid of ants, 


acid may be diſtilled off, as can be had without burn- 
ing the reſidue. It may be purified by ſaturating it 
with alkali, filtrating, and evaporating part of the li- 
quor, and diſtilling it with half its weight of vitriolic 
acid: or, more conveniently, the reCtified acid may 
be expoſed to the action of a freezing atmoſphere, 
which congeals its aqueous part. This acid has a 
conſiderable reſemblance to vinegar when it is diluted. 
It acts upon, and combines with, alkalis, ſoluble 
earths, and metals, and forms peculiar compounds 
from which, as well as the order of its elective attrac- 
tions, its title to be conſidered as a diſtinct or peculiar 
acid is eſtabliſhed. 

Deſtructive diſtillation converts it, like the vegetable 
acids, into fixed air and inflammable air. 
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APPENDIX. 


VARIOUS TABLES USEFUL TO 
« CHEMISTS. 


AN ACCOUNT OF THE TABLES. 


12 I. contains a ſeries of numbers, expreſſ- accovxr 
ing the comparative heats of bodies. It is co- f 
pied from Crawford's Experiments and Obſervations is ere 
on Animal Heat, and the Inflammation of Combuſtible Table of com- 

: 3 8 parative heats. 
Bodies: London, 1788. The principles on which this 
Table is formed, have been explained in page 14 of 
our work, and elſewhere. Nothing more need there- 
fore be ſaid, than that the numbers are here reduced 
to one common ſtandard of compariſon, water being 
aſſumed 
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accouxT aſſumed as unity. As theſe numbers are deduced from likey 
N = FR the thermometrical changes undergone by the ſeveral of pi 
bodies in like ſituations, it is clear that they are of uſe A 

to indicate thoſe changes, for they will be inverſely M. I 

as the numbers themſelves. place 

Table of TaBLE II. contains the weights of different coun- be ut 
1 compared in French and Engliſh grains. The theſe 
value of this Table is obvious, and its character may In th; 

be ſcen at page 70. trove! 

_ _y Ns FABLE III. exhibits the ſpecific gravities of bo- comp 
E dies. In compiling this, I had Briſſòn's Table at the that 
end of Lavoiſier's Traits Elementaire de Chimie, and der a 
Muſchenbroek's large Table in his Cours de Phyſique, aerial 

before me. Some few ſpecific gravities are from a gre: 

other authors, or from experiment. It appeared uſe- this T 

leſs to carry it to more than four places of figures, as | dout 

the temperatures were not noted, and the various of the 
ſpecimens of the ſame ſubſtance often differ in the Is ſub} 

third figure. ! hefe aſſertions may be thought to re- Frenc] 

quire proof: for which reafon I ſhall obſerve, that by TA 
experiment I find that the fifth figure changes at every Morve 

three degrees of Fahrenheit's thermometer; that lead, The ex 

upon t 


tin, and probably all other metals caſt out of the fame 
= fuſion, vary in their ſpecific gravities in the third 
figure, from circumſtances not yet determined, but 
molt likely from the cooling, as is ſeen in the har- 
dening of ſteel ; that ſalts, and other artificial prepa- 
rations, retain more or leſs of the ſolvent they were 
teparated from, according to the temperature at u hich 
it was effected; and that all parts of organized ſub- 
ftances not only differ according to the place of thei 


production, their age, and other circumſtances, but 
4 like- 


nder 
ury, v 
whic 
redit t 
nit: a 


ſult, 


„ Pref; 
on, p. Xx. 
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likewiſe from their dryneſs, moiſture and manner ACCOUNT | 
of prefervation. 85 —_ | 5 
TABLE IV. is taken from the 9 Table of 700 


M. Lavoiſier's Traite Elementaire, I have in another 1 


place * mentioned the ſtrong objections which may aerial fluids, 
be urged againſt the ſuppoſed or implied accuracy of | 
theſe weights, taken to ſo many places of figures. 

In that place, as the object of attention was of a con- | 
troverſial nature, it was proper to ſpeak far within [ 
compaſs ; but on the preſent occaſion I muſt obſerve, f 
that the moſt accurate practical chemiſts would eonſi- 

der a true determination of the ſpecific gravities of | 
atrial fluids to three, or even two places of figures, as 
a great and valuable acquiſition; and though I regard 
this Table as the beſt we poſleſs, yet in every inſtance 
doubt the accuracy of the third decimal, and in moſt 
of them the ſecond. The column. of Engliſh grains 
is ſubſtituted inſtead of the weight of a cubic foot | 
French, which occupies that place in the original. = 
TABLE V. is taken from an excellent Paper of Table of ex- ' 
Morveau, in the firſt volume of the Annales de Chimie. panſipgs of airs, 
The experiments were made by M. Prieur du Vernois 
upon the quantity of about 155 cubic inches French, 
nder the preſſure of about 27 French inches of mer- 
ury, which anſwer to nearly 28 Engliſh. The manner 
which this inveſtigation was conducted, does great 
redit to both the philoſophers who were concerned 
nit: and the Eſſay itſelf, of which this Table is the 
ſult, is highly deſerving of the attention of thoſe 


ann, E RSIES 
on, p. X. 


Nn ſtudents 
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accouxnr ſtudents who wiſh to know the precautions require 


OF 


in theſe delicate experiments, as well as of the {tri 


TABLES, 


Ln — Cnquirer who may be deſirous of knowing how far he 


may depend on the Table itſelf. 


Tables of elec- TABLES VI. to XI. contain in ſubſtance the two 


tive 


s Tables of AttraQtiones Electivæ Simplices which are 
placed at the end. of Bergm an's Treatiſe on EleCtiyg 
Attractions, inſerted in the third volume of his Opuf. 
cula, and of which we have had a ſeparate tranſlation 
into Engliſh. I hey have been ſince copied into a w. 
riety of works, and in moſt with amendments. TI have 

not however ventured to make any alteration, except 


ſuch as tended to facilitate the inſertion of them in the 


regular pages of the book, inſtead of adopting the much 
leſs convenient mode of printing on a large ſheet to he 
folded out. Hence it is the arrangement of the co. 
lumns only which is altered, and repetitions avoided; 
except that in Table VIII. there is a notice that the 
perlate acid, vital air, the matter of heat, and ſiderite, 
are left ; the reaſons for which need not be re 
peated here. 'Two inducements rendered it molt eli 
gible to retain the Tables, in other reſpects, the ſame 
as Bergman left them. 'The one was, that they might 
continue to be Bergman's Tables; and the other waz, 
that, if I had been prepared for the arduous taſk of 
compoſing new Tables, it would have been incumbent 
on me to have fully ſtated my reaſons for the arrange- 
ments I might have adopted; which would have been 
incompatible with the limits of an Elementary Trea- 

tiſe. | | 
With regard to theſe Tables, after earneſtly recom- 
mending the ſtudent to peruſe the work from which 
3 | 2 they 


2 


quaint 
tend tc 
that a. 
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which they are extracted, it may be obſerved, that 
the ſubſtances at the heads of the columns are con- 
fidered as 2 with regard to the facts enumerated 
in theſe ſketches, and ſo like wiſe axe the ſubſtances 

ſerted in the columns. The order of poſition denotes 
that the higher ariy ſubſtance ſtands in any column, 
the ſtronger is its elective attraction to the fubſtance 
at the head of that column. The under part of each 
Table exhibits the attractions in the dry way, and 
muſt be conſidered as entirely diſtinct from the upper 


ACCOUNT 
oF 
TABLES. 


-  EleRtive attracs 


tions. 


part. The horizontal lines between the ſubſtances in f 


the columns denote that their, poſitions, or comparative 
powers of attraction, are well determined; and, when- 
ever theſe lines are wanting, the poſitions are more or 
leſs. conjectural. Hence it may be ſeen how much 
remained to be done at the time the great Bergman 
eonſtructed theſe Tables. 

TABLE XIE exhibits an approximation towards 
expreſſing the powers of elective attraction between 
bodies generally applied. It is evident that the Tables 
of ſimple elective attraction expreſs only the order in 
which the ſeveral enumerated fubſtances ſurpaſs each 
other in power to adhere to the common ſubſtance at 
the head of each column; and do not by any means 
ſhew what, will happen when a compound of two prin- 
ciples is applied to another compound alſo containing 
two principles, as in the caſes called double elective 
attraction. We cannot, in fact, decide in circum- 
ſtances of this nature, unleſs we are previouſly ac- 
quainted with the ſum of the two attractions which 
tend to preſerve the original combinations, and are oft 
that account very expreſſively denominated: by Mr. 

| Nn2 Kirwan 
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account Kitwan quieſcent attractions; and alſo with the ſum in cart 
* 3 * of the other two attractions which tend to form new WM neraloy 
— combinations, and are by the ſame chemiſt called the Wl of this 
divellent attractions. Thus, for example, if vitriolated Ml mation 
tartar, or the compound of vegetable alkali and vitrio. WW made t 
lic acid, be preſented to the marine ſalt of lime, we Table 
cannot foretel the conſequence from any ſimple Tables, WW met w 
becauſe theſe will not ſhew whether the ſum of the WM every | 
powers which tend to preſerve the union of the alkali I throug 
and vitriolic acid, and alſo of the lime and marine ¶ labour 
acid, be in fact greater or leſs than thoſe by which the Wl the ici 
alkali tends to combine with the marine, and the lime 
with the vitriolic acid, and form the new compound 
of ſalt of ſylvius and ſelenite. Hence we ſee the 
great advantage which the ſcience of chemiſtry would 
derive from an extenſive numerical Table founded on 
experiments of the nature of that now before us 
For, in the preſent inſtance, we find from the Table, 
that the vegetable alkali and vitriolic acid adhere with 
a power expreſſed by the number 62 ; while the lime 
and marine acid adhere with a power denoted by 20 
Theſe are the quieſcent affinities, and their ſum is 82. 
On the other hand, by the ſame Table, we find that 
the attraction between vitriolic acid and lime is 54; 
and between vegetable alkali and marine acid 32 
Theſe are the divellent affinities, and their ſum is 66, 
The latter muſt therefore prevail; that is, the combi- 
nations will be changed by the vitriolic acid melting 
with the lime, and forming ſelenite ; while the marine 
acid combines with the vegetable alkali, and forms 
ſalt of ſylvius. * 
TABLE XIII. ſhews the proportion of ingredients 
2 31 
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in earths and ſtones. It is taken from Kirwan's Mi- aAccovur 
peralogy. The extenſive and indefatigable reſearches _ 
of this author into all the ſources of chemical infor- 5 
mation, and the numerous additions he has himſelf Table of in- 
made to the ſcience, have enabled him to render this — 21 
Table more perfect than any which is elſewhere to be . 

met with. Much however remains ſtill to be done, in 
every part of it, before we can depend on its accuracy 
throughout; and we hope the author will add the 

labour of perfecting it, to the other advantages which 

the ſcientific world has derived from his exertions. 


TABLE 
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TABLE I. The Comparative Heats of dif- 
ferent Bodies. 


Inflammable air — — — 21,4000 
Dephlogiſticated air — — — 47490 

Atmoſphericalgir — — — 1.7900 

Aqueous vapour — — — 1.5500 

Fixed air — — — — 1.0454 

Arterial blood : — — — — 1.0300 

Water — — — — 1.0000 

Freſh milk of a cow — — — 9999 

Venous blood — — — 8928 

Phlogiſticated air — — — 1477936 

Hide of an ox, with the hair — — 27870 

Lungs of a ſheep — — — 27690 

Lean of the beef of an ox — — 74 

Alcohol — — — 021 

Ba"; — — — 060 — 

Horſe beans — — — — +5020 

Spermaceti oil — — — 5000 

Duſt of the pine tree — — — *$000 

Peas — — — 4920 

Wheat — — — — 4770 

Barley — — — — 42210 

Oats — — — — 4460 

Vitriolic acid —— — — 4290 
Pitcoal 3 — — 42777 

Charcoal — — — 22631 [ 

Chalk | — — 2364 
ERuſt of iron — — — +2500 1 

Waſhed diaphoretic antimon — — 2272 f 

Calx of copper, nearly freed from air — — 22272 q 

Quicklime ——— — — 2229 

Cigders | — — 21923 | 

Aſnes of cinders — — — 1855 b 

Ruſt of iron, nearly freed from air — — 21666 

Waſhed diaphoretic antimony, nearly freed from air +1666 | 

Aſhes of the elm tree — — 14032 ' 

Calx of zinc, nearly freed from air — — 4369 ö 

Iron —— — — 11269 

Braſs | — — — 42123 | 

Copper ——— — — x 

White calx of tin, nearly freed from air — 990 

Regulus of zinc — — — 943 

Aſhes of charcoal — — — «090g 

Tin | | — — — 0704 

Yellow calx of lead, nearly freed from air — „680 

egulus of antimony — — 643 
cad | — — 382 


Nag 
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TABLE II. The Weights of different Countries. 


Place and Denomination of Weight, | 


Berlin, The marc of 16 loths — — 

Berne. Goldſmiths weight of 8 ounces — 

Berne. Pound of 16 ounces, for merchandiſe — 

The common pound varies very conſiderably in 
other towns of the Canton. 

Berne. Apothecaries weight of 8 ounces — 

Bonn. — — — 


Bruſſels. The marc, or original troyes weight — 


Cologn. The marc of 16 loths 8 


Conſtantinople. The cheki, or 100 drachms — 
Copenhagen. Goldſmiths weight, commonly 
ſuppoſed equal to the marc of Cologn — 
Copenhagen. Merchants weight of 16 loths — 
Dantzic. Weight commonly ſuppoſed equal to 


the marc of Cologn —9. 
Florence. The pound ( anciently uſed bythe Romans) 
Genoa, The peſo ſottile — — 
Genoa. The peſo groſſo ̃ — 


to the Cologn mare 


Hamburgh. Weight; commonly ſuppoſed equal f 
Hamburgh. Another weight — — 


Liege. The Bruſſels mare uſed; but the wt. proved] 


Liſbon, The marc, or half pound 


London. The pound troy — 
London. The pound avoirdupoiſe 
Lucca. The pound — 


Madrid. The mare royal of Caſtile 
Malta, The pound — 
Manheim. (The Cologn marc) 
Milan, The marc — 
Milan. The libra groſſa — — 
Munich. (The Cologn marc) — 
Naples. The pound of 12 ounces - 
Ratiſbon, The weight for gold ; of 128 crowns 
Ratiſbon, The weight for ducats; of 64 ducats 
Ratiſbon. The marc of 8 ounces 
Ratiſbon. The pound of 16 ounces 
Rome. The pound of 12 ounces 
Stockholm. The pound of 2 marcs 
Stuttgard. (The Cologn marc) 
Turin. The marc of 8 ounces 
At Turin they have alſo a pound of 12 of the 

above ounces, But, in their apothecaries pound 

of 12 ounces, the ounce ir one ſixth lighter. 
Warſaw, The pound — 


Venice, The libra groſſa of 12 ounces — 


Venice. The peſo ſotuile of 12 ounces 


In the towns dependant on Venice, the pound 
difters conſiderably in each. 


Vienna. The marc of commerce 


Vienna. The marc of money — — 
France. The grain — gow 
England. The grain — — — 
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Mare oz. gros. grains. F. grains. E. grains. 


3616.3 
3813.2 
8067.7 


2654. 
3008.6 
757.0 
3632-2 
4925-6 
3641.2] 


3857.9 
3626, 


$244. 
4897. 
4900.7 


3609.4 


3740.2 
z8co.1 
3542.4 
5760, 
7004.5 
$217. | 
3550 
4890.4 
3611.5 
3630. 

11784. 
3612.3 
405 
6635.3) 
3452. 
3500. 1; 
8776.5 
5239. 
6 503. 
3612.6 
37997 


6271. 
73745 


4556. : 


4325+ 
6333-3 


1.21893 
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TABLE III. The Specific Gravities of 
Bodies. 


Pure gold caſt =« - 19258 |] Onyx «-- % „„ 
Pure gold hammered 19362 || Muſcovy tale — =- 2792 
Standard gold caſt - 17486 Common flate - — 2674 
— hammered 17589 || Calcareous ſpar — - 2715 
Pure filver caſt - 10474 Alabaſter — - 2730 
Pure filver hammered 10511 || White marble - 2716 
Standard ſilver in coin 10391 Lime ſtones from — 1386 
Crude platina in grains 15boz||—————— to — 2390 
Platina purified and fuſed 19 300 Ponderous fpar - 4474 
m—— hammered 20337 Fluor ſpar - - - 3180 
drawn into wire 21042 Pumice ſtone 914 


— [aminated 22009 Green glaſs 2620 
Mercury 13868 Engliſh crov % = 2520 
Lead fuſed - 11352 [White flint glaſs, Engliſh 3290 
— — fuſed - 7788 Another piece - 3216 
drawn * wire 8878] White flint glaſs, ae 
= 8396|| matic uſes = 3437 


— in wire - - 8544 White glaſs, French - 2892 
Iron caſt - +» = #7207||Glaſs of S. Gobin - - 2488 


Iron bar - 7788 Brimſtone 1990 
Steel, ſoft and not | ham Phoſphorus = 1714 

mered - = 7840 Yellow amber - 1078 
Stcel hardened - 17816 Diſtilled water - 1000 


Tin, Engliſh, fuſed - 7291 Sea water - 1026 
Tin hammered - 7299 Common ſpirit of wine 837 
Malacca tin fuſed - +« 7296 Spirit of wine, the pureſt 

Malacca tin hammered 7306] which can be had by 

Biſmuth - 9823] mere diſtillation - - $28 
Nickel = - 36660 Vitriolic ether - 1739 
Arſenic, the regulus $5763 || Nitrous FP 
Cobalt 7812 Marine = 1730 
Zinc — — - 7191 / Acetous Ds - 866 
Antimony = 5702 Concentrated vitriolie acid 2125 
Mangancſe - 63 50 Concentrated nitrous acid 1550 
Wolfram 17600 Concentrated marine acid 1194 
Diamond 3521 Fluor aciceg 100 
Ruby — 4283 Oil of olives bes. DV 
Ruby ſpinell = - 3760 — of ſweet almonds - 917 
Topas, oriental — 4011] Linſeed oil 
Topaz, Brazilian 3536 Naptöaa 708 
Topaz, Saxon + 3364 Gum elaſtie 9233 
Sapphire, oriental 3994 Camphor + +=« 989 


Emerald 22775 Telloẽwr wax - 9063 

Adamantine uw - - 4i80||Whitedito - - 969 

Jargon of Cey! 4615 [|Spermaceti «= = 943 
Rock cryſtal from rom Mada- allow - - - 942 


gaſcar - += 2663 Heart of oak - 1170 


Quarrs - - «< az654||[Cork - +» 240 


| Agare - - - z;g0|[[Eggnewlad - 1038 


TABLE IV. The Specific Gravities of Aerial 
Subſtances; the Barometer ſtanding at 30 Inches, 


If 554* 1 


and the Thermometer at + 559. 


1 Weight of one cubic 8 
Names of Inch. From the Experi- 
: Aerial Subſtances. | French. Engliſh. ments of 
| : French | Engliſh - 2 
grains. | grains. 
Atmoſpheric air | 0.46005 | 0.45689 NM. Lavoiſier. 
| Phlogiſticated air | 0.44444 | 0.44139 | The ſame. 
Vital air o. 50694 [o. 50346 | The ſame. 
Inflammable air | 0.03539 | 9,03 515 | The ſame, | 
| Fixed air 0.6898; | 0.68511 | The ſame. 
| Nitrous air 0.54699 | 0.54314 [M. Kirwan, 
Alkaline air 0.27488 | 0.27299 | The ſame. 
. Vitriolic air | r. 3820 | 1.03109 The ſame. 


# Stritly the numbers are 29.84 inches and 54.5 degrees; 
French inches, and 10 deg. of Reaumur, 


anſwering to 28 


TABLE V. The Expanſions of Atrial Sub- 
ſtances by Heat, from the Freezing to the Boiling 
Points of Water. For every Interval of 20* of 
Reaumur's, or 45* of Fahrenheit's Thermometer. 


| 6 | | Total 
Names. From From From From From 
ö 2 to 77. % to (225̃22 70 16767 to212%329 to 2120 
en air 12.87 7.8 2.45 [7.37] woes 
[Vital air 22.1 7 . 9 14 L311 7 412 
Phlegiſt air 1947 . 1. 11 [5 FRE, 5+ os. 
Inflam. air 117 V. r Ls. [Tr r] TFT 
Nitrous air | IFTT v. od 1. JA | [3.35] 1. 8 
[Fixed air | 2 3. 5 5 ; 2 Tr LOST: I+7;33;7 
[Alkaline ai J. 1 |1++.35 [ 3 +735 | 5+ rr 


*** The numbers between brackets are uncertain. 


In the Hund Way. 
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TABLE VI. Simple Eleftive Attraftions 


ACIDS. 
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TABLE VII. Simple Elective Attractions. 
ALKALIS AND EARTHS. 


IN THE HUMID WAY. 


Va. ALKAL1. Mix. ACKALI/ CLAY. | Lux. | n MadNES14. 
Vimolic acid x |Vitriolic acid, A ot tugar [Vitriolic acid | Acid of ſugar 
Nitrous acia = | This alkali Nicous a. Vitriolic a. A:. of ſugar Phoſphor. a. 
| Marin? 2 _ Marine a. A. of tartar A. of amber Vitriolic acid 
Acid of fat border of its at- A. of fugar A. of amber A. of ſpar A. of ſpar 
Acid of ſpar tractions, both in Arſenical a. Phoſphor. a. Phoſphor. a. A. of fat 
thoſpl wi. acid the humid and Sparry a. A. of ſ. of milk A. of ſ. of milk A. of arſenic 
Toft |< dry way. A. of fat Nitrous acid Nitrous acid A. of ſ. of 
A. of tartar KA. of tartar Marine acid Marine acid A. of amber 
IA. of zwſenic A. of amber A. of fat A. of fat Nitrous acid 
A. of umber A. of ſ. of milk A. of ſpar A. of lemon Marine acid 
A. of lemon A. of lemon A. of arſenic A. of tartar A. of tartar 
JA. of ants Vor. ALKAL1, Phoſphor. a. A. of ants A. of arſenic A. of lemon 
A. of milk . A. of ants A. of milk A. of ants A. of ants 
A. of benzoin _ This alkaliſ A. of milk A. of lemons A. of milk A. of milk 
Teton acid [agrees with the A. of benzoin A. of benzoin A. of benzoin A. of benzoin 
A. of ſ. of milk vegetable in the|Acetous acid fAcetous acid jAcetous acid Acetous acid 
Acid of borax order of its at -A. of borax. Acid of burax Acid of borax A. of borax 
Vol. vitr. a. trations, both Vol. vitr. a. Vol. vitr. a. Vol. vitr. a. Vol. vitr. a. 
Fumin ie nitr. a. 2 the humid|Fumn. nitr. a. Fum. nitr. a. Fum. nitr. a. Fum. nitr. a. 
Fixed air on ts 53 Fixed air Fixed air Fixed air Fixed air 
Prutſian acid lexpels it fro Pruſſian acid [Pruſſian a. Pruſſian a. Pruſſian a. 
Water ithe acids © Water Water 
Far ol i. phoſphorus, Fat oils Fat oils | 
Sulphur 7 , 9 Sulphur Sulphur Sulphur 
Met. c aices EE | 
1 IN THE DRY WAY. N 
| 5 | 2 p 
Phoſph or. acid "OE |Phoſphor. acid | [Photphor, acid 4 \Phoſphor, .acid |Phoſphor. acid 
A. of lorax EE A. of borax A. of borax A. of borax A, of borax 
| JA. of uſenic A of arſenic A. of arſenic A. of arſenic A. of arſenic 
| Vitriol i ic acid In the — acid Vitriolic acid Vitriolie acid Vitriolic acid 
Nitrou s acid War. Nitrous acid A. of amber A. of amber A. of ſpar 
| {Marin«2,acid »|- of fpar. Narine acid |Nitrous acid Acid of ſpar A. of fat 
A. of fat Veg. alkali A. of ſpar Marine acid |Nitrous acid A. of amber 
of ſpar a eDarW.. A. of tat A. of fat Marine acid |Nitrous acid 
A of amber fin the DAY Wa VA. of amber A. of ſpar A. of fat [Marine acid 
. of ants Fixed alkali A. of ants A. of ants A. of ant? A. of ants 
A. of milk Phoſphor. acid |A. of milk A. of milk A. of milk A. of milk 
A. of benzoin Calx of lead A. of benzoin [A. of benzoin A. of benzoin A. of benzoin 
Acetcus acid — Acetous acid Acetous acid TAcetous acid Acetous acid 
Baryt es Fixed alkali Fixed alkali Fixed alkali Fixed alkali 
Lime (Sulphur Sulphur Sulphur Sulphur 
| _m_ Calx of lead Cal of lead Calx of lead Calx of lead 
laß 
Silex 
Sulphur 


| 4 7 
4 : 
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TABLE VIII. Simple Elective Attractions. 
COMBUSTIBLE SUBSTANCES AND WATER. 


— — 


IN THE HUMID WAY. 


is 


SaLing Lives 


WATER. | SULPAVUR, 2 Anbzxr SpirrT] ETHER. 

Veg. alkali alx of lead alx of gold Water Ardent ſpirit 
Min. alkali of tin C. of ſilver Ether Eſſential oils 
Vol. alkali C. of filver C. of mercury Eſſential oils F xpreſſed oils | ; 
Ardent ſpirit C. of mercury C. of arſenic Volatile alkali [Water 1 
Mild vol. alkali [C. of arſenic C. of antimony Fixed alkali Sulphur 
Glauber's ſalt C. of antimony C. of biſmuth Saline hepar | 
Ether C. of iron C of copper Sulphur 

Veg. alkali C. of tin 

Vol. alkali C. of lead — 

. - - ket ExyrzegSeD OIL [ESSEN TIAL OLL 

ime of coba 

Magneſia C' of manganeſe — —— 
Vitriolic acid C. of iron ex OY — - 
Vitriolated tartar Fat oils nen Ons, eee hore 
Alam Efſential os A dent fpirit en pee 

. 4 Vol. alkali Fixed alkalis 
Martial vitriol {Ether Water Sulphur ul 
Cerral. ſublimate Ardent ſpirit yy Sulphur 
IN THE DRY WAY, 

Fixed alkali Manganeſe 2 
| Tron ron 

Copper Copper 

Tin Tin 

Lead Lead 

Silver Silver 

Cobalt Gold 

Nickel Antimony 

Biſmuth Cobalt 4 

Anti mony Nickel | 

Mercury Biſmuth 8 

Arlenic Mercury 

Arſenic 


— — 


Four of the columns in the original tables of Bergman are omitted in theſe, vis. 


The perlate acid; for which ſee page 2 . 5. 


Vital air, which is ſuppoſed to have an affinity to phlogilon only. 
The matter of heat; for which ſee pages 6. 21. 
The ſemimetal ſiderite; {pr which ſee page 323. 
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TABLE IX. Simple Elective Attra ions. 
PHLOGISTON AND METALS. 


* 


— 


; IN THE HUMID WAY. . 
|- C. or Mes- 
Pn ener, eie, Gol. C. or STVEER. C. or PLATINA|- c xU. C. er Lran, 
rr acid Ether Marine acid Ether Acid of fat Vitriolic acid 
{Virciolic acid [Marine acid [Acid of fat ___|Marine acid Marine acid _ Acid of fat 
Dephl. marine a. Aqua regia Acid of ſug ſugar _ Aqua regia e of ſugar A. of ſ. of mil 
Arſcnical ac acid |Nitrous acid {Virriolic acid Nitrous acid Acid of amber A. of ſugar 
Hor. acid |Vitriolic acid |A of f. of milk Vitriolie acid Arſenical acid fArfenical acid 
Arſenical acid }Phoſphor. acid Arfeaical acid Phoſphor. acid Acid of tartar 
Sparry acid {Nitrous acid |Sparry acid |Vitriolic acid P oſphor. acid 
Acid of tartar [Arſenical acid Acid of tartar A. of \. of milk Marine acid 
Phoſphor. acid Sparry acid Phoſyhor. acid Acid of tartar [Nitrous acid 
C. mercury Acid of fat Acid of tartar Acid of fat Acid of lemon |Sparry acid 
C. amvenic Pruſſian acid [Acid of lemon Acid of fagar Nitrous acid Acid of lemons 
= antimony Acid of ants Acid of lemons Sparry acid [Acid of ants 
C of biſmuth Acid of milk Acid of ants „ |Acetous acid Acid of milk | 
IC. cop per Acetous acid Acid of milk Acid of borax |Acetous acid 
C. tin Acid of ambg# |Acetous acid |Prufſian acid Acid of bora 
C. lead Pruſſian acid [Acid of amber Fixed air Pruſſian acid 
„ nickel Fixed air Fixed air 
2. cobalt Fixed alkali Fixed alkali 
C minganeſe Vol. alkali Vol. alkali = — 
_ | N. B. In the antiphlogiti 
* 1 
©; ning theory, the 8 intitled Bis 
gifton being taken in a reverſed 
Water I order, will expreſs the ele ive 
IN THE DRY WAY. © attractions of Vital Air. 
Corp. SILVER. PLATINA. MERCURY. LIE 4D, 
Mercury Lead Arſenic Gold [Gold 
[Copper Copper Gold Silver Silver 
Silver Mercury Copper Platina Copper 
Lead | Biſmuth Tin Lead Mercury 
Biſmuth Tin Biſmuth Tin Biſmuth 
Tin Gold Linc Zinc Tin 
Antimony Antimony Antimony Biſmuth Antimonx 
Iron Iron Nickel Copper Platina 
Platina Manganeſe Cobalt Antimony e 
[Zinc © Zinc Manganeſe Arſenic Zinc 
- [Nickel [Arſenic lron Iron Nickel 
Arſenic Nickel Lead Iron 
Cobalt Platina Silver 
Manganeſe Mercury | 
Sa. liv, ef ſulph S. I. of ſulph. S. I. of ſulph. I. ſulph. fs, 1. ſulphur 
lphur Sulphur Sulphur 


Arſer 
hoſj 
Acid 
1Sparr 
Acid 
Acid 
Acid | 


— 


TABLE X. Simple Elective Attractions. 
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METALLIC SUBSTANCES. 


__ 


ah 


IN THE HUMID WAY. 


* 


— 3 =. 
CALx or CALx or Bis- CALx oF Calx or 
Corp ER. [CaLx or Inon.|CALs or Tix, MUTH. Nicks. Ans ENI. 
— OO Er — — — — 
Acid of ſugar , Acid of ſugar Acid of fat Acid of ſugar Acid of ſugar © [Marine acid 
Acid of tartar * [Acid of tartar Acid of tartar Acid of arſenic Acid of forret Acid of ugar 
Marine acid Vtriolic acid Narine acid Acid of tartar Marine acid |Vitriolic acid 
IVirriotic seid A. of f. of milk{Vitriolic acid [Phoſphor. acid | Vitriolic acid |Nurous acid | 
A. of F. of milk|Marine acid Acid of ſugar |Vitriolic acid cid of tartar Acid of fat 
Nitrous acid Nitrous acid j|Awenical acid Acid of fat Nitrous acid Acid of tartar 
Acid of fat Acid of fat Phoſphor. acid [Marine acid Acid of fat Phoſphor. acid 
Arſenical acid |Phoſphor. acid |Nitrous acid Nitrous acid |Phoſphor. acid Acid of ſorrel 
Vhoſphor. acid Arſenical acid Acid of amber Fluor acid Fluor acid Fluor acid 
Acid of amber |Sparry acid Spary acid A. of ſ. of milk A. of ſ. of milk 
|Sparry acid , Acid of amber A. of ſ. of milk Acid of amber [Acid of amber 
Acid of lemon Acid of lemons Acid of lemons Acid of lemon [Acid of lemon 
Acid of ants Acid of ants Acid of ants - [Acid of ants Acid of ants 
Acid of milk Acid of milk Atid of milk Acid of milk Acid of milk 
Acetous acid Acetous acid Acewus acid Acetous acid [Arſenical acid 
Acid of borax Acid of bora: Acid of borax Arſenical acid }Acetous acid 
Pruſhan acid Pruſſian acid Pruſſian acid Acid of borax 
Fined air. Fixed air | | Pruſſian acid Pruſſian acid 
Fixed alkali Fixed alkali Aerial acid 
Val. alkali Vol. alkali Volatile alkali }Volatile alkali 
Fat oils | ö . —— Unctuous oils 
| IN THE DRY WAY, | 
2 ater 4 
Cor pEA. Iron. | Tin, Bis Murk. Nick.. | 2 | 
” r 
Gold Nickel Zinc Lead [fron Nickel  - | 
faber, Cobalt Mercury ilver Cobalt Cobalt 
Arſenic Manganeſe Copper Gold _ Arſenic Copper 
Iron Arſenic Antimony Mercury Copper Iroa 
Manganeſe Copper Gold Antimony Gol Silver 
[Zinc ol Silver in Tin Tin 4 
Antimony Silver Lead Copper Antimony Lead 
Platina Tin L Iron Platina Platina Gold 
[Tin lAntimeny - [Manganeſe Nickel Biſmuth ' Platina b 
Lead Platina Nickel Iron Lead Zinc s 
Nickel Biſmuth rſenic Zinc Silver Antimonỹx 
Biſmuth Lead Platina | Zinc 
Cobalt Mercury Biſmuth 
A 7 . 
liv. ef ſulph. S. 1. of S. I. of ſulphur F. I. of ſulph. S. I. of ſulph. S. I. of 
Sulphur «Sulphur ulphur (Sulphur — Sulphur 
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TABLE XI. Simple Elective Attractions. 
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METALLIC SUBSTANCES. 


* 
” 


— 
—_ — --- _ =_ - — 


n 


IN THE HUMID WAY. 


CALX or Co- Carr or ANTI- Carx ob Man-{j Cailx or Wor- 
BALT. Crx or Eine. | on V. GANESE, PRAM. 
Acid of ſugar [Acid of ſugar Acid of fat [Acid of ſugar - lime 
Acid of forrel JVitriolie acid Marine acid Acid of ſorrel [Vegetable alkali 
Marine acid Marine acid Acid of ſugar Acid of lemon = {Volatile alkali 
Vitriolic acid Acid of ſ. of milk |Virriolic acid Phoſphoric acid 3 
Acid, of tartar Nitrous acid Nitrous acid Acid of tartar | 
Nitrous acid Acid of fat Acid of tartar Fluor acid 
Acid of fat [Acid of ſorrel Acid of ſorrel Marine acid In the Dax Way, 
Phoſphoric acid [Acid of tartar Acid of ſ. of milk |Vitriolic acid Fixed alkali 
Floor acid Phoſphoric acid {Phoſphoric acid [Nitrous acid Lime 
Acid of ſ. of milk Acid of lemon Acid of lemon Acid of ſ. of milk Calr of iron 
Aeid of amber Acid of amber Acid of amber Acid of amber Cak of mangneſ 
Acid of lemon Fluor acid Fluor acid Acid of ſat . 
Acid of ants Arſenical acid Arſeuical acid Arſenical acid FX 
Acid of milk Acid of ants Aciq of ants Acid of ants : 
Acetous acid Acid of milk Acid of milk Acid of milk + This column i 
Arſenical acid Acętaus acid Acetous acid IAcetous acid ditional. Jt Nel 
Acid of borax | Acid of borax Acid of borax . {deduced from De 
Pruſſian acid ruſſian acid - Pruſſiän acid Pruſſian acid [Luyart's Analyſis. 
Aerial acid Aerial acid Aerial acid rial acid 
Volatile alkali |Volatile alkali | 
[ IN THE DRY WAY. 7 
— — ——— r — 
Con AL r. - Z1xe, AvTixony, | Mattoarasr. WoLyRrAN. 
Iron Copper opper 
Nickel Antimony ron 
Arſenic 2 ma 
Co ercury , ver A 
Sl Silver Tin 
Platina Gold 
| ban Cobalt 
Antimony Arſenic | 
Zinc Platina * 
0 Biſmuth ; 
Lead © 
Nickel ” 
Iron 
Saline Uv. of ſulph. Sal. liv. of ſulphur 
| [Sulphur 


1 


++ 
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TABLE XII. Numerical Expreſſion of At- [ 
tractions by M. Morveau. 

3 Vitriolic | Nitrous | Marine | Acetous| Aerial 
Acid. Acid. Acid. | Acid. | Acid or 
| 5 | Fix. Air. 


. - 


Ponderous earth 65 62 35 [ 29 14 


— — en 
= 


Vegetable alkali | 62 58 | 32 26 9 


Mineral alkali” 58 50 | ; 28 25 N 
Lime . 44 20 19 12 

Volatil: alkali 46 | 38 14 204 

Magneſia 17 

Argil. earth | 5 E 10 15 2 


TABLE XIII. Of che Proportion of Ingre- 
dients in Earths and Stones. 


— Calcareous Genus. 


| 


Wat. 


wa 
O 
+> 
O 
| 
G 
| 
: 
O 
z a n. — 1 ———— 


D 100 Parts, Calcar. | Argill. Silex. | Mag Tron. 
Calcareous ſp oer 555 — 11 | —a 
Gypſum —— 3 |= -|—| 38} —þ 
Dn H— - | 87 —— 41 | —| —= | — 
Tungſten 0 4 —|— 
Compound ſpar 60 |- - 35 — se 
Cruetzenwald ſtone 75 | -j- 12— af 
Calcareous marle _ - |50to75'20to 30/20 togo| — | — | —-g 
Margodes = 50 32 Is — — 2 
Stellated ſpar - 66.|- +» | Zo | — | =— 3 
Calcareous grit or 

oO ET had had hen | 
Swine ſtone 95 |- ( — ( —|—7 | 
Pyritaceous limeſtone | 75 14 |- -['—j}—| 4+ | 
Martial tungſten - |- + |- -|- -j—!'— | off 


© = And 34 fixed air,—5 And zo vitriolic acid,—c 43 acid and water. 
——& 59 acid and iron,—e Both earths mild. Ditto.——g And wa- 
ter.—5 Or more; remainder, filex, argilt, and iron.——1 And petrol. ; 
remainder, argill. and iron; 4 And 7 quartz and ſulphur, that is, 25 pyti- 
tes. 7 By the dry way only 30, and 50 tungſten. 2 


Barytic or Ponderous Genus. 


100 Parts, 
Mild barytes 78 Earth, 20 fixed air, 2 baroſelenite. 
Baroſelenite 84 Earth, 13 vitriolic acid, and 3 water. 
Hepatic tone 33 Baroſclenite, 33 ſilex, 22 alum, 7 gypſum, 


5 petroleum, 
Oo Muriatic 
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Muriatic or Magneſian Genus. 


| 100 Parts, silex. Cale. Magnefia. Argill Water, [Iron 
Mild magneſfla + «+ — | — 4 — | 22 — 
Keffekil - 4501 — 50 — — — 
Steatites — 4801 — 1 2 | — I 
Argillaceous ſteatites 72 | — 17 11 | — | — 
Chalk of Briangon | 70 | — 17 It | — | —+ 
Soap rock . {70 — 17 13 — | — 
Aſbeſtos - -| 63 | 11 | 20 4 | — 2 
Martial aſbeſtos - 621213, 7 1,7 | — 10,6 
{Suber montanum +| 59 | 11 24 | 2,4 | — 3,6 
Amianthus - -| 64 | 6,9 | 18,0 3,3 | — 11,28 
Serpentine - 1 45:7. 2 23 18 | 12 3 
Tale, Muſcovy — 80 — 45 51— | — | 
Talc, Venctian - - a —_ portiou of argill. and ſmall 
of magneſia. | 


Note, The magneſia and calcareous earths are in a mild ſtate, 


in all the above ſtones. 


At a medium, and 30 fixed air. — And 2 of talc, 
Ata medium. 


Aud 6 barytes. 


+ At a medium. 


medium, 


— En 
Argillaccous Genus. 
100 Parts, Silex. Argil. Calcareous Magrefia. | Iron. Water 
Pure clay, dry -| 63] 37% — — 
Argillac. mar], dry 4627 25 7 — — 
Fullers earrh — 53 185 3 141 171 
Pouzzolana 57 20 | 6 20 — 
Tripoli - = | 90 7 — — 3 — 
Pure mica — 38 28 20 14 ||| — 
Martial mica - | 3495| 2645 18 22 — 
Roof ſlate or ſhiſtus 46 26 4 mild | 8 mild 14 — 
Flagſt. orargill. ſhiſl. 36 56 4 — 
Horn- ſtone e 16 23 — | 
K illas - -| 6025 —— 9 6 — 
Toadſtone -| 63 1417 16 — 
Zeolyte 60 208 — | 12 & 
Pitch- ſtone — 6516 5 14 7 
Gronſten Horn - ſtone aud mica, or horn- ſtone and 
ſhoerl. ; 
Stellſten Mica, quartz and argill. 
Binda — - Horn- tone, mica, ſhoerl, quartz, and 
pyrites. 
Growan -Argill. mica, and quartz. 


* At a medium, when perfectly dry, 63 ſiliceous.— . Mild at a medium. 
4 And marine acid at « medium. 


1 And air, 


White calx of iron. 


Siliceous 


At a 


= Pit — "Ins TT FwwoT wet EO W—_—— —t 7 ww ww © 
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Siliceous Genus, 


5 Pers. Silex. |Argil.| Calcar, Maga. Iron. 
=. 18 - | 29 
Flin - - . WES Fu 
Petroſlex * 5 
B RE =. EYE 
Chalcedoman - . : eo." 
ND N. nd = 46 (ditto 8| — | 6 
Hyacinth == = | 25 | 4 % — | 13 
Pe - - - 9 5 BP KY = 
Sapphire - - x 
Chryſopraſium - | 95 — 1,7 SE 3 | 
Lapis lazul - ey” 7 2 a5 
Felt ſpar - - -| 67 | 14 TY ES £2 
Veſuvian garnet - 55 a = 5 5 
Garnet - „„ 
Martial garnet - - 43,0 27,0 10 5 4 
Shoerl —_ - - 2 i : 
Shoerl black © + of 
Bar ſhoerl - -| 61,6 |6,6| 21,6 K. . 15 
Tourmaline - | 37 45 1 x 
Baſaltes ON -| $2 gs F FR (26 
Rowley ragg - *| 4755 4 — 1 
Comp. and cellular lava 47 3 5 5 
Vitreous ditto 2 -| #49 35 * _ 
Another from Lapari -| 6g 32 | —. | — 9 
Black agate of Iceland N * 9 
nearly as the above 3. 
Pumice ſtone LE. -| 84 or 90 et 5 hee 4 
Martial muriatic ſpar 50 » * „ 
2 ſtone - * 5 41 2 ka il 
Ragg ſtone - , 270 8 | 
Siliceous grit, with _— 62,5 " 3 do. 37,5 — — 
reous cement i 
Siliceous ditto, with wy 77 8 _ 34 
gillaceous cement | 
Ditto, with ferruginous | | % 351 — — | 160. 
_ - b 80 martial fluor, 20 zypſum, as 1 


4 0,0 copper, and ſparry acid. 1 
Wr. 11 ponderous . 5 —_———— = 1 babies: 
f Remainder calcareous. g As I believe. 


: . : I believe. ; 
i As believe. As I 8 % * Granite 
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Siliccous Genus continued. 


* 18 ſelt ſpar and mica. 


_ Quartz, felt ſpar and ſhoerl. 
— J 7 þ Þ Quartz and mica. 
Gn — 3 Felt ſpar and mica. 


Murk ſten "By . - J Quartz, garnet, and mica. 


Norka 

Jaſper, chert, lava, ſhoerl containing 
Porphyry +< = 1 quartz, felt ſpar, ſhoerl, mica, or ſer- 

par in a cryſlalline form. 
. Jaſper, chert, filiceous grit, or lava, con- 
| Pudding ene { taining pebbles of an oval form, . 
The ſame "5-40 and contents, but in 
angular forms. 
uartz, mica, ſteatites. 

| Quartz, mica, ſerpentine. 
Gneits - - Quartz, mica, ſhoerl, ſteatites, or ſoap 
: rock. 
. 9 felt ſpar, mica, ſerpentine. 
a Jaſper, or chert, containing ſpar or ſer- 
Amygdaloides - * , — 1 Way , g par 


Metallic rock of Born 8 clay, and ſteatites, and felt ſpar 


Siliceous breccias - 1 


ſometimes. 
Variolite - Serpentine, containing various ſtones, 


Proportion of Ingredients in Natural Salts. 


Salts. I Acids Alka. — Water. 

Tartar vitriolate - | 31 | 63 — 6 
Glauber's falt - | 14 | 22 | — | 64 

Vitriolic ammoniac 42 40 — | 18 
Epſom - - | 24 ; —| 19 57 
Alum - - | 24 — 18 | 58 
Vitriol of iron - | 20 | — — 55 25 iron 
Ditto of copper 2130 — 1 — 43 27 copper 
Ditto of zine 22 — — 55 20 zinc. 
Nitre - 30 | 63 — 7 
Cubic nitre 2959 — | 21 

. | Nitrous ammoniac | 46 40 — | 14 

Nitrous ſelenite | 33 | —| 32 | 35 

Ditto Epſom < | 36 — 27 | 37 
Salt of Silvius | 3o 63 — 7 x 
Common ſalt 33 50 — | 17 
Sal am noniaa 52 40 — 8 
Marine ſelenite 42 — | 38 20 
Borax purified - | 34 | 17 — 47 


IND EX. 


A. 
CHROMATIC teleſcope, 
278 
Acids, 128 


Acid, acetovs, 477, 499 

Acid of amber, 204 

Acid of ants, 540 

Acid of apples, 441 

Acid arſemical, 218, 369 

Acid of benzoin, 444 

Acid of borax, 197 

Acid of camphor, 461 

Acid of cork, 461 

Acid of fat, 533 

Acid of galls, 443 

Acid of lemons, 439 

Acid, marine, 177 

Acid, dephlogiſticated marine, 182 
Acid of milk, 509 | 

Acid of molybdena, 221 

Acid, nitrous, 155, 160 

Acid of phoſphorus, 206 

Acid Pruſſian, 311 

Acid of filk worms, 521. 

Acid of ſpar, 202 | 
Acid of the ſtone of the bladder, 


523 
Acid of ſugar, 454, 459—cmpy- 
reumatic, 457 
Acid of ſugar of milk, 513 
Acid of tartar, 45 i—empyreumatic, 
456 
Acid of tin, 347 
Acid of tungſten, 222 
Acid, vitriolic, 144 
Acid of wood, empyreumatic, 457 
Adamantine ſpar, 108 
Aggregation, 74 
Air, alkaline, 127 
6 


| 


Air, fixed, 189 

Air, — — 143 
Air, inflammable, 95 
Air, marine, 179 
Air, nitrous, 94, 164 
Air, phoſphoric, 211 
Air, vital, 94 

Air, vitriolic, 144 
Alembic, 36 
Alembroth, 268 

— 390 
Alkali, 118 

Alloys, 135 

Alum, 146 
Amalgam, 274 
Amber, 204 f 
Ambergris, 525 

Ammoniac, ſal, 125, 181 

Analyſis, 1 

Animals, 422 

Antimony, 388 

Aqua regia, 186 

Arſenic, 220, 366 

Aſſaying, 134 

Aſphaltum, 412 

Atmoſphere, 93 

Attraction, 2, 3, 71, 7$ 

Aurum muſiw um, 352 


-. 


Balance, $9 
Balſams, 143 
Barbadoes tar, 412 
Barytes, 105 
Bath, 38 

Beer, 477 
Benzoin, 444 

Bell metal, 294 


Bezoar 


- Bezoar mineral, 390 
Bile, 537 

Biſmuth, 359 
Bleaching, x83, $16 
Blood, 527 
Blow-pipe, 43 
Bones, 536 

Borax, 197 

Braſs, 297 

Bread, 478 

Bronze, 294 
Butter, 514 


2. 


Calamine, 336 
Calcination, 33 
Calomel, 267, 269 
Camphor, 433 
Candles, 517 

Caſſius, powder of, 231 
Celſius, 30 
Cementation, 34 
Ceruſe, 280 

Charcoal, 191, 464 
Cheeſe, 311 

Chemiſtry defined, 1 
Cinnabar, 274 
Coating, 38 

Cobalt, 376 

Colcothar, 309 
Colouring matters, 435 
Combination, 74 
Combuſtion, 32, 94 
Concentration, 34 
Crawford, Dr. 11 
Copper, 257 | 
Cream, $09 

Crucibles, 35 
Cryſtallization, 81, 1 32 
Cucurbits, 35 
Cupellation, 237 


. 


Detonation, 158 
Diamond, 415 
Digeſtion, 34, 422 
Diſtillation, 34, 462 
Dutch gold, 297 


Pyeing, 436 


1 


0 


N . 


ö E. 
Earths, 99 

Eggs, 515 
Eliquation, 282 
Elements, 75 
Elutriation, 355 
Eolipile, 97 
Ethers, 489 
Ethiops mercurial, 270 
Eudiometer, 166 
Evaporation, 34 
Excrement, $24 
Extenſion, 71 


p. 


Fahrenheit, 30 

Fat, 533 

Fermentation, 474 
Fleſh, 531 

Flour, 429 

Freezing, 18 

Fuel, 38 

Fulminating powder, 160 
Furnaces, 37 

Fuſion, 34 


G. 
Gall, 537 
Gaſtric fluid, 539 
Glaſs, 124 
Glue, 530 
Gluten, vegetable, ge 
Gold, 229 - 


| Gravity, 72 

| Grotto del Cano, 199 

Gum, 427 

Gunpowder, 158 
Gypſum, 104 147 

| . 


H 


Hair, c22 
Heat, 2, 5, 87 


Honey, 515 
J. 


Jargon of Ceylon, 110 


Homberg's phaſphorus, 181 


bs a + 


med ods SS dS: Sf dS df oH11: Sf: ee of of 50 


Telly, 5 30 


Jet, 412 
Inertia, 71 


IND. 


Oils, volatile or eſſential, 432 
Orpiment, 363 


Inflammation, ſpontaneous, 171, P. 
319, 355» 402, 466 
Ink, 310 Parting, 238 
Integrant, 74 Peat, 412 
Iron, 302 Petroleum, 412 8 


K. 


Kermes mineral, 392 
Kier, his acid, 174, 247 


Koumils, 482 


L. 
Lac, 519 
Lead, 277 


Pewrer, 353 

Phlogiſton, 89, 93 

Phoſphorus, 210 

Pit-coal, 412 

Pitch-blende, 408, 

Platina, 257 

Plumbago, 336—342 

Polarity, 81 

Precipitate per ſe, 262—red, 269, 
273 


Libavius ; fuming liquor of, 348 | Precipitation, 77 


Light, 87 
Litharge, 278 


Liver of ſulphur, 141 


Luna eornea, 244 
Lunar, cauſtic, 244 
Lures, 39 


M. 
Magneſia, 105 


Magiſtery of biſmuth, 360 


Malt, 4%1 
Manganeſe, 396 
Matraſs, 35 
Mercury, 26z 
22 1 31 
etheglin, 482 
Milk, 508 2 
Mines, 131 
Minium, 277 
Mixture, 74 
Molybdena, 221 


N. 
Nickel, 363 
Nitre, 15 5 
Nooth, Dr. 34 


O. 


Oils, fat, 430 


Principles, 75, 83 
Proceſſes, 33 
Pruſſian blue, 312 
Putty, 386 
Pyrites, 139 


* 
Quartation, 238 
R. 


Realgar, 368 

Reanmur, 30 

Receivers, 36 

Rectiſication, 34 

Regulus, 132 

Retins, 433 

Reſpiration, 94 

Retorts, 35 > 


Roaſting, 33 
BY 


Salt, common, 176 
Salts, 85 
Saturation, 76 
Serum, 529, 
Siderite, 322 
Silk, 521 
Silver, 242 

malt, 3 50 


Smell, 


"I N D E x. 


Smell, 434 
Soap, 123 
Sol er, 133 282 
Solvent, 76 
Sorrel, ſalt of, 452 
Speculum metal, 294 
Spelter, 387 
Spermaceti, 534 
Spirit, ardent, 483 
Starch, 430 
Steam, 17 
Steel, 330 
Srills, 36 
Stone of the der, x 523 
-Strontiomte, 113 
Sublimation, 34 
Sublimate, 35—corroſive, 267 
Sugar, 428 | 
A of lead, 280 
— — of milk, 511 

—_— 139 

penſion, 75 

9 


Tallow, mineral, 472 
Tartar, 447, 471 
Temperature, 6 
Terms, 4 


Thermometer, 10, x6, 23, 102 


Tin, 344 
Tin plate, 322 


| Touch-needles, 239 


Tree of Diana, 249 
Tungften, 222 | 
Turbith mineral, 264 


e U, V, 


Urine, 523 5 
Vegetables, 420 
Verdigris, 290 
Vermilion, 276 
Vinegar, 477 


W. 
Water, 76, 95 
Wax, 515 
Weights, 65 
Welding, 258, 303 
Wine, 480 
Wolfram, 220, 404 
Wool, 522, 469 


7. 


Yeaſt, 476, 478 


2. 


ö 
Zaffre, 3 80 


| Zinc, 352 


Uranite, or uranium, 408 


